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A RECONNAISSANCE OF THE JARBIDGE, CONTACT, AND 
ELK MOUNTAIN MINING DISTRICTS, ELKO COUNTY, 
NEVADA. 

By F. C. SCHEAOEB. 



INTRODUCTION. 

This rep<Mrt is based on 27 days' field work in July and August, 

1910, of which 14 days were given to the Jarbidge district, 12 to the 

Contact district, and about half a day to the Elk Mountain district. 

During this period the mines and more important prospects were 

hurriedly visited and located by compass and aneroid traverses. 

As the districts had never been surveyed or mapped, control in 
the Jarbidge district was obtained by measuring with steel tape a 
base line about three-fourths of a mile in length, on the open ridge 
west of Deer Creek, about IJ miles northwest of Jarbidge. From 
stations established at the aids of this base a system of triangula- 
tion, indispensable in so rugged a country, was begun and carried 
on throughout the work concurrently with the contour and other 
sketdiing, and tied to Government township and section comer monu- 
ments of the ninth standard parallel, found later in the southern part 
of the field. 

Both vertical-angle and aneroid readings were employed in de- 
termining elevations, but the elevations as a whole rest on aneroid 
readings carried into the district from Twin FaUs, Idaho, a distance 
of 95 miles, two days being required to make the trip. 

The topographic map of the Jarbidge district (the base of PI. II), 
which covers an area of almost 170 square miles, was made by R. D. 
Pickett, working independently, with plane-table and telescopic ali- 
dade. The topographic map of the Contact district (the base of 
PI. XrV), which covers an area of about 460 square miles, was made 
by Nelson W. Sweetser. 

Thanks are due to the several companies, mining men, operators, 
the forest ranger, and prospectors for valuable information and 
assistance generously extended in all the districts ; to Mr. Waldemar 
Lindgren, in charge of the metalliferous work of the Geological 
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10 JABBIDGE MINING DiSTBlCl?. 

SuWey^ and to Messrs. F. L. Ransome, J. B. Umpleby, and other 
mcogilriiers of the Survey for criticisms and petrographic assistance 
in*th^ preparation of the report ; and to Messrs. Greorge Steiger and 
W/T. Schaller for chemical analyses and tests of the rock and ore 
'Specimens. 

•/ The area comprising the Jarbidge, Contact, and Elk Mountain 
'districts (see index map, fig. 1, and general geologic map, PL I), 
lies in Elko County, in the northeastern part of Nevada. It is a 
rectangular area between 41** 37' north latitude on the south and 42°, 
or the Idaho State line, on the north, and between 114° 
30' and 116° 30' west longitude. On the east it extends within 25 
miles of the Utah State line. It is about 35 miles long and 26 miles 
wide and covers about 1,400 square miles. The area lies in the 
northeastern part of the region known as the Nevada Plateau, at a 
general elevation of about 6,000 feet. It inclines gently to the east 
and is for the most part treeless. 

Like the Great Basin on the south, this area is characterized by 
numerous broad, infilled valleys separating hi^ier portions of the 
plateau and mountain ranges, which in parts are high and rugged. 
The main valleys lie at elevations of about 5,400 feet and above them 
the highest mountains rise to elevations of nearly 11,000 feet. Where 
watered the valleys are fertile. The area contains parts of two grand 
features of this western country — ^the Great Basin cm the south and 
the Snake River vaUey on the north — and the intervening divide 
crosses its southern comers, as shown on Plate I. It lies mainly in 
the southern part of the Snake River basin, on the headwaters of 
Salmon and Bruneau rivers, which are among the strongest south- 
side tributaries of the Snake. 

The area lies in a region of folded and eroded Paleozoic sedi- 
mentary rocks intruded by granitic batholithic masses and dikes, 
flooded by Tertiary lavas, and in part overlain by Tertiary lake 
sediments and Quaternary debris. The Paleozoic rocks consist prin- 
cipally of quartzite, lime^ne, shale, and slate and seem to be Car- 
boniferous. The granitic intrusive rocks are principally granodiorite 
and are probably of Cretaceous age. The Tertiary lavas are prin- 
cipally rhyolite. 
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THE JAKBIDGE DISTRICT. 

laOCATION. 

The Jarbidge district lies in the n(»them part of Elko County, in 
northeastern Nevada, near the Idaho State line on the north and 
about 60 miles from the Utah State line on the east, as shown in 
figure 1 and Plate L It is comprised within an area about 14 miles 
square, extending west of the main Jarbidge River and east of the 
East Fork. The district lies in the rugged mountains between 5,500 
and 11,000 feet in elevation, on the upper north slope of the high 
east- west range that forms the divide between the Great Basin on 
the south and the Snake River valley on the north. To this range, 
or portions of it, particularly to the southwest of the Jarbidge dis- 
trict, the name Bruneau Range or Bruneau Mountains has been ap- 
plied. Jarbidge, the camp (shown in PL III, -4), is located near 
the middle of the western half of T. 46 N., R. 58 E., on Jarbidge 
River, at an elevation of about 6,200 feet. 

The Greneral Land Office map of Nevada shows an unsurveyed 
area about 20 miles square about 20 miles east of the Duck Valley 
Indian Reservation. This is the only large area in this part of the 
State that has not yet been subdivided. It extends from the Idaho 
State line southward across the divide, where, on the Great Basin 
side, it includes a considerable portion of the Marys River drainage 
basin, and from the west fork of Bruneau River on the west beyond 
the east fork on the east. The Jarbidge district lies in the heart of 
this area and so far as indications of mineral-bearing rocks are con- 
cerned might roughly be regarded as coextensive with it The dis- 
trict is 15 miles frcnn Mountain City, 20 miles from Edgemont, and 
25 miles from Tuscarora, all three points being located west or south- 
west from Jarbidge, in Nevada. It is 100 miles southeast of the 
Silver City-De Lamar district, Idaho. 

The nearest railway points in air line are Rogerson, Idaho, 50 miles 
to the north, on a spur of the Minidoka & Southwestern branch of 
the Oregon Short line, and Deeth, Nev., 65 miles to the south, on 
the Southern Pacific and Western Pacific railways. Elko, the county 
seat, is 70 miles distant, on the Southern Pacific. At present the cen- 
ter of the district is near latitude 41^ 60^ north and longitude 15^ 
26' west 

The term ^Jarbidge'' is said to come from the Indian name 
** Ja-ha-bich," meaning the devil. Traditionally it is applied to this 
district from Indian association of diabolic power with the cataclysmic 
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FiouEB 1. — Index map showing location of the Jarbidge district 
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dJMATE. 18 

Tcdcamsm suggested by the nigged mountains, hi^^ peaks, deep can- 
yons, and hot springs of the region, and probably also fnmi local 
eruptions of lavas whidi the Indians may have witnessed in the 
adjoining Snake Biver valley within the last century, the eruptions 
being regarded as manifestations of the evil spirit and the lavas 
perhaps being correlated in origin with similar ones exposed in the 
Jarbidge Mountains. 

PREVIOUS DESCRIPTIONS. 

So fat as its geology and mineral deposits are concerned the dis- 
trict was discovered only about a year ago, previously being pnu> 
tically unexplored. The literature bearing directly on the district 
consists of short papers appearing in curr^it mining journals, mainly 
for the year 1910, describing the conditions and development of the 
district, the mines, the camp, the prospects, and the new discoveries. 
Papers by W. A. Scott and by Nelson W. Sweetser appeared in the 
Mining and Scientific Press of April 30 and of December 31, but a 
number of short articles by Winthrop W. Fiske, mining engineer, of 
Jarbidge, have helped more than an]rthing else to make the distinct 
known to the mining world and the publia Most of Mr. Fiske's 
papers have appeared in the publications named below, imder some 
such heading as " Jarbidge, Nevada.'' 

Salt Lake Mining Review: January 80, February 15, 28, March 30, June 16, 

July do, September 80, Noyember 15, 80, 1010, February 15, 1011. 
Mining and Scioitifie Press: April 30, June 18, 25, September 8, 1010. 
Mining World : October 1, 8, December 24, 31, 1010. 
Engineering and Mining Journal : October 15, 1010. 

CMMATE. 

The district lies between the desert region of the Great Basin on 
the south and that of the Snake River valley on the north, so that its 
climate, particularly in summer, partakes in large measure of that of 
these regions, being modified, of course, by the greater elevations. 
The summers are long and dry and there is great daily range between 
day' and night temperatures. The nights are usually cool or cold, 
with frosts late in spring and early in autumn, and the days are 
warm with abundant sunshine, but owing to the dryness of the air 
the heat is not oppressive. The climate is similar to that of Silver 
City, Idaho. 

The precipitation occurs mostly in winter and falls mainly as 
snow, which in the higher mountains accumulates to considerable 
depths, lasting in places throughout the summer. Springs feed 
perennial streams by which the district is well supplied with whole- 
some water. 

Acc(»rding to Winthrop W. Fiske,* in 1909 aiow began to remain 
on the mountain tops early in October and in the valleys late in 

^ Prlrate lettert of Dec 10, 1910. and later date. 
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14 JABBIDOE MINING DISTRICT. 

November. In 1910 snow did not begin to remain on the mountain 
tops until after the middle of October, and up to December 10, 
although considerable snow fell at times in the valley at Jarbidge, it 
was usually removed in a day or two by rain. Toward the lat^ part 
of December winter seemed to set in for good, and by January 2, 
1911, snow lay 10 inches deep in the vaUey at Jarbidge and several 
feet deep on the moimtains. 

In winter the temperature rarely falls below 20^ F. The coldest 
weather in the winter of 1909-10 was on or about January 10* when 
the temperature reached 12® below zero. During the winter of 
1910-11 the coldest day reported up to January 9 was January 2, 
when the mercury fell to 8® below zero. 

VEGETATION. 

The area lies in the Humboldt National Forest and contains con- 
siderable timber along the larger streams and at the heads of the 
vaUeys, as is shown in Plate HI, B. According to the Forest Service,^ 
the principal commercial trees are nut pine, or limber pine {Pinus 
fiexUis), alpine fir {Abies lasiocarpa)^ aspen {Popvlvs tremuloides) ^ 
and mountain mahogany {Cercocarpvs ledif alius). The better 
stands occur on the east and north slopes. Of these trees the pine is 
the only one suitable for lumber. Much of the timber, however, is 
suitable for use in mining. The area contains many trees about 2 feet 
in diameter and is now supplying frame timbers for the large Pavlak 
mill. Along the streams there are groves of cottonwood and wiHow. 
There is also considerable smaU timber, much of which, however, 
has been fire killed by the sheepmen, who, in grazing the country 
for many years past, were wont to bum off the slopes to improve the 
range. Mountain mahogany, juniper, and aspen, mostly trees of 
small or stunted growth^ are plentiful and widely distributed and 
extend high up the mountain slopes, as shown in Plate IV. 

Favorable slopes from the foothills to the top of the mountains 
are clothed with a fair growth of good forage grass (as showij in 
the foregroimd in PI. IV) , which renders the country a summer range 
for stock and sheep. During the last season large bands of sheep 
were grazing in the vicinity of Jarbidge. 

HISTORY AND PRESENT CONDITIONS. 

The history of the Jarbidge mining district scarcely begins before 
1909. Jack Sinclair, an old-time prospector from Silver City, is 
reported to have visited the regicm in the late sixties. Excavations 
that were regarded as traces of old workings were found in the eastern 
part of the district, on East Fork of Jarbidge River, as early as 1880, 
by the Wilkins brothers, whose large horse range on the Idaho side 
included the East Fork country. The stockmen paid little attenti<»i 

^ H. E. Feim, acting district tQtwtet, in offlcinl letter of Dec 28, 1910* 
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HISTORY AND PRESENT CONDITIONS. 15 

to mineral deposits. The first ore discovered in the district is re- 
ported to have been found oa East Fork about 1904 by one Vishim, 
a she^ tender and former placer miner, who in looking for a sheep 
range came across some of these old workings, from which he brought 
out a piece of quartz that assayed $1,200 or more to the ton in gold. 
So far as learned, however, this find was not followed by any 
effort to exploit or work the ground. In 1907 C. M. Howard, a 
stockman having a ranch in the nortlieastem part of the district, 
prospected the pres^it Bourne ledge, on Jarbidge River, but found 
only low-grade ores and staked no claims. 

The discovery that led to the founding of the present camp and 
district was made by D. A. Bourne in 1909. Starting in the foothill 
mesa country in the vicinity of the State line, about 9 miles from 
the present site of Jarbidge, in 1908, he slowly ascended Jarbidge 
River, prospecting and panning the gravels of the river and tribu- 
taries. Having finally, late in the autumn of 1909, obtained his best 
prospect at the mouth of the tributary that now bears his name, he 
ascended this stream for about half a mile and worked for some time 
on the bold ledge that outcrops at this point on its north bank, ob- 
taining by panning and sluicing the moderate return of $7 (mt $8 a 
ton. A little later, in company with friends, he discovered and 
located the adjoining hi^er ground on the south, where bolder out- 
crops marking the site of the present Bourne mine look down upon 
the scene of his former humble (^rations. 

At about the same time the Pavlak and Buster groups, almost 
adjoining the Bourne and extending down to the river on the south- 
west, and the Pick and Shovel, high up on the mountain side to the 
southeast, were located and opened with good results, ore of shipping 
grade being found within 10 feet of the surface. 

The Pick and Shovel ledge was discovered independently by John 
ESscalon, a lone prospector, who, with pack on his back, entered the 
district from Charleston on the south. When, an descending the 
Jarbidge Valley, which he supposed to be virgin ground, he en- 
countered Bourne, Pavlak, and other prospectors there preparing for 
mining <^rations, he hastened back to stake the Pick and Shovel 
ledge, whose rich float he had observed on the steep mountain side 
the day before. 

Reports of these discoveries were soon spread abroad, and by 
October about 50 men had arrived in camp, most of whom spent the 
winter there. A meeting was called, the Jarbidge mining district 
was organized, and a recorder was elected. On December 10, 1909, 
with but 16 men present, a purse of $50 was raised to have the first 
mail brought in. 

Early in 1910 the Bluster, Bunker Hill, Ozari^, and other groups 
were located and proq>eGted, with good results. In February or 
early Mardi, 1910, certain newspapers published a statement that the 
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16 JABBIDGE MINING DISTBICT. 

Bourne mine had over $27,000,000 worth of gold ore in sight This 
announcement led to a stampede for the district, as a result of which 
the population of the camp was swelled to 1,500 during late March 
and early April. A city of 500 tents, erected on the present site of 
Jarbidge (PL III, A) and extending for 3 miles along the river bank, 
sprang up, and although the ground was heavily covered with snow — 
in places 15 or 20 feet deep— almost the ^itire country was quickly 
** stoked'' on snowshoes without being prospected. By the middle 
of April over 500 claims had been stoked and filed for record in the 
district 

This movement, considering the various callings represented by its 
participants, the many and widely separated sections of the country 
fnxn which they so quickly came, the ind^nenc^ of the season, and 
the conditions of travel, was remarkable, for there were no estob- 
lished lines of transportation and no wagon road within 12 miles of 
the camp, and after leaving the nearest railroad station, Twin Falls 
or Buhl, in southern Idaho, these men were compelled to travel a 
distonce of 95 miles, mostly over the Snake River lava plain, llie 
last 12 miles of this journey, from the WiUdns Hot Springs randli 
(also called Rimrock), on East Fork, about a mile from the Stote 
line on the Idaho side, had to be traversed through deep mud, slush, 
and snow, on horseback or afoot, with baggage and freight packed 
on the backs of animals or men. A horse, too, was then considered 
a luxury and was hard to get at any price. 

It is reported that a large party entering the district from the 
south over the snowy divide, finding it impossible to descend the icy 
mountoin slope with pack animals in the ordinary way, lashed the 
horses' legs to their bodies and storted them, packs and all, in bowlder 
style, down the rugged slope, in which fashion, it is said, they reached 
the foot of the mountoin with cmly a few fatal accidents. 

The camp was soon provided with numerous rudimentory hotels, 
restaurants, and the ordinary commercial and professional enter- 
prises of a mining camp in its early development A judge and 
deputy sheriff for the new town were sent in from Elko, the county 
seat, and until August the Jarbidge mail, sometimes amounting to 
several pack-horse loads a trip, was sent in gratis by the enterprise 
of the Elko Commercial Club. The population consisted, on the 
whole, of intelligent and enterprising Americans, and no disorder of 
any kind is reported. 

A town site was soon laid out, and United States location mineral 
moniunent No. 230 was estoblished on the ridge just above the town, 
between the river and Bear Creek. Town-lot ri^ts or leases were 
obtoined by permit from the forest officer for $10 each, and by March 
15 were sold for $10 to $800 each, the price dep^iding on ^e loca- 
tion. By that date the camp included more than 1,500 people and 
800 teats. 
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A. JARBIDGE, JARBIDGE RIVER VALLEY. AND MOUNTAINS IN OLD RHYOLITE. 
Looking S. 10° W. 



B. SOUTH BRANCH VALLEY AT HEAD OF JARBIDGE RIVER. 

Great Basin divide in background, OzarU lode and Foster camp on East Brancli in foreground. 
View looking south from Ozark ciaim, at elevation of 7,700 feet. 
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It was soon learned that the repcnrts of the Bourne property were 
grossly exaggerated, and accordingly, in May, a great exodus todc 
place, the emigrants criticizing the country as they went out Later, 
however, when the snow had melted away, many ^ledges" were 
found, and a score or more new discoveries were made. Almost 
weekly up to the present time the discoveries have continued, and 
the developments are daily proving mcMre promising and substantiaL 

With the opening of spring and the extension of the road from the 
Wilkins ranch, passengers and freight were delivered in the camp, 
and this, by materiaUy reducing the price of merchandise and sup- 
plies, further facilitated prospecting. During the summer the trip 
from Twin Falls to Jarbidge is made by stage in two days and by 
automobile in a day, the automobile being helped up steep slopes by 
horses in the last 6 miles of the trip. 

Early in the year several mining companies were organized and 
began operations. The Bourne group was financed, some machinery 
was brought in by sled, and with improved conditions of travel other 
companies sent in representatives to visit the camp. The claim 
holders, however, having in general exaggerated ideas of the value 
of their ground, held out for high prices and demanded large cash 
payments, causing hesitancy on the part of capitalists who would 
bond and develop the properties on a large scale. 

Late in the summer of 1910 there were about 300 men in the dis* 
trict, of whom 180 voted at the November election. Although the 
town was quiet, considerable work was going on in the hills. Mine 
operators and capitalists investigated the resources of the district, 
and a company from Denver was examining the character of the ores 
with a view of instaUing a customs mill. 

Produce and fresh meat were supplied by the neighboring ranches 
and fruits from the orchards on lower Bruneau and Snake rivers. 

In May, 1910, the Jarbidge post office was installed, and a post- 
master was appointed, and in October an official mail service (three 
mails a week) was started from Three Creek, Idaho, 25 miles distant, 
where connection is made with the mail stage from Buhl. There is 
also a semiweekly stage service to Rogerson to meet incoming trains 
on Mondays and Fridays. 

Freight rates on ore and merchandise to and from the railroad are 
said to be $50 a ton, or 2} cents a pound, in either direction, making 
the cost of transporting lumber $1 per thousand feet, and other 
things proportional. 

Thus far connection with the district from the south has been made 
by trail only. Recently, however, the county and the business men 
of Deeth and Elko have started a good wagon road to connect Jar- 
bidge with the Deeth road at Charleston, 16 miles distant This 
road will give the district a direct route to the Southern Pacific Rail- 
11840*— BuU. 497— J2 2 
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road and the Western Pacific Railway at Deeth (see fig. 1), bringing 
it into commercial relations with I)eeth and Elko and giving the 
camp much lower freight and supply rates. 

On the Idaho side, mainly through the business enterprise of tiie 
people of Twin Falls, the road to that town is being shortened and 
materially improved. This road will ascend the Jarbidge River 
canyon and flats and thus avoid the heavy Rimrock and Jack Hole 
grades. 

The Thousand Springs Power Co., owning a water power just 
north of Snake River, 25 miles west of Twin Falls, is said to be con- 
sidering the power needs of the camp with a view of supplying the 
mines with electric power at the prospective rate of $10 a horsepower 
a month, with a reduction to $8.25 a month when 2,000 horsepower 
shall be in use. 

There is also assurance of early telephone connections over the 
line now extending from Elko and Deeth to Gold Creek, 18 miles to 
the southwest, and also with Hollister or Rogerson on the north. 

The Buster mine has a three-stamp mill on the way. A large gang 
of men are at work on the Pavlak property, where a large mill, 
planned for both custom and private work, is being installed. Ac- 
cording to latest accounts, eight or ten different companies are ship- 
ping ore or sacking ore of shipping grade. 

For lack of title to the lots on which they desire to build, most of 
the inhabitants of the district are still living uncomfortably in tents, 
even in stormy wintry weather. They have petitioned the Govern- 
ment to eliminate from the national forest the most important 
mineral-bearing portion of the district, included in a north-south 
rectangular area of about 20 square miles. This area contains little 
or no timber, and its release would undoubtedly result in great benefit 
to the mining industry of the district 

Early in 1911 the camp had a population of about 1,200. The 
generally open character of the winter permitted practically all 
properties to be reached without difficulty, and work was carried 
on by a large number of companies, but owing to lack of funds the 
force was small. 

At the mouth of Pine Creek, 3 miles above Jarbidge, a roadhouse 
and small settlement known as the Hub have been established by the 
progressive operators of the south end of the district to facilitate 
delivery of supplies to their camps. The wagon road has been 
extended for 2 miles above this point and includes the first bridge 
across the river, a substantial structure. 

A plan to consolidate several of the best properties on the ridge 
south of Bonanza Gulch, including the Bluster, Rock Creek, Success, 
Sunflower, and others, and work them on a large scale through a 
main crosscut tunnel, for which the ground is admirably situated, is 
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QDder consideration by C. J. Nelson and others with the view of en- 
listing Salt Lake City or Denver capital. 

The district as a whole, with only meager development, is more 
than fulfilling the promise of its surface showings. 

PHYSICAIj featukes, 

GBEAT BASIK PBOVTNCE. 

The mountain region of Jarbidge lies between two great physio- 
graphic provinces — the Great Basin on the south and the Snake 
Kiver valley or Shoshone Basin on the north. The chief features 
of the Great Basin, comprising nearly all of Nevada and portions 
of Utah, Oregon, California, and Arizona,^ consist of parallel minor 
ranges of mountains, trending generally in a north-northeasterly 
direction and separated by detritus-filled valleys.^ 

According to G. K. Gilbert, I. C. Russell, G. D. Louderback, and 
others, the ranges seem to owe their prominence mostly to faulting 
of late date, while J. E. Spurr holds that they were probably formed 
mainly by erosion of the separating valleys. Most of the older rocks 
in the ranges are folded Paleozoic and Mesozoic sediments cut by 
many intrusive bodies of porphyry and flooded by lavas. In north- 
eastern Nevada the parallel ranges largely give way to irregular 
groups that, increasing in altitude from the foothills on the south, 
merge into the Jarbidge Mountains, which here form the rim of the 
Great Basin on the north. This portion of the basin is drained 
mainly by the headwaters of Marys River, which flows into the Hum- 
boldt, on the south, at Deeth. 

SNAKE BIVEB VALLEY PBOVINCE. 

Toward the north the Jarbidge Mountains slope down to the 
Snake River valley or Shoshone Basin,* which, according to Russell, 
consists of a vast, nearly level dissected area surrounded by deeply 
sculptured mountains and extends in a curved course, concave to the 
norUi, entirely across the southern portion of Idaho, with a length of 
about 360 miles and a width in general of 50 to 60 miles. 

The master stream is Snake River, which flows in a westerly course 
longitudinally through the plain, here and there in box canyons, and 
which, at the west end of the basin, at Huntington, Oreg., enters a 
deep canyon. 

The plain ranges in elevation from about 3,000 feet above sea level 
on the west to about 6,000 feet on the east. It is mainly of con- 
structional origin and is underlain by Tertiary and Quaternary 

> Gilbert, O. K^ Lake Bonneville : Mod. U. S. GeoL Suryey, vol. 1, 1890, PI. II (opp. 
p. 6). 

*Tbe great niUDber and distribntion of tbe ranges in tbe central part of the basin is 
conprehensiTely shown in Bull. U. 8. Oeol. Survey No. 208, 1908, PI. I. 

• Bussell, T. C, Geology and water resources of the Snake Blver Plains of Idaho : Bull. 
tr. a G«ol. Surrey No. 199, 1902. 
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basaltic lava flows and lake beds.^ Certain of the lavas were poured 
out while the lacustrine sediments were being deposited and were 
interbedded with them. Some of the more recent lavas, according to 
Russell,' are probably not more than 100 years old. 

A good section of the lavas is exposed in the right or north wall of 
the canyon just below the celebrated Shoshone Falls, The section 
beginning with " McKinley Rock," the flow on which the McKinley 
flagstaff stands, is as follows, in descending order : 

Section in Snake River canyon below Shoshone Falls, 

VeeU 
Black Snake River basalt, comprising many flows and ex- 
hibiting colomnar structure more or less throughout 1 900 

Unconformity. 

Reddish and yellowish volcanic breccia 100 

Unconformity. 

Massive light-gray to buff rhyollte 300-1- 

The rhyolite, according to S. F. Emmons,' approaches dacite in 
chemical composition and resembles certain modifications of the 
rhyolite of the Yellowstone National Park. 

A good lesser section of the lavas is also well exposed on Salmon 
River, which joins the Snake from the south at Queens Ferry, 8 
miles northwest of Buhl. The exposure is at the Salmon River dam 
«iid the crossing of the main Twin Falls and Jarbidge road, about 
30 miles south of Twin Falls. Here the gorge of this stream, a steep- 
walled box canyon nearly 300 feet deep,* shows 60 feet of younger 
black basalt resting unconf ormably upon the older lavas in which the 
stream is now sinking its bed. 

The region here described is drained mainly by the branches of 
Bruneau River, which from its source south of Charleston, Nev., runs 
nearly due north to the Nevada-Idaho boundary line and thence con- 
tinues slightly west of north for about 80 miles to Snake River, 
which it joins about 50 miles almost due south of Boise. The next 
main tributary to the Snake on the east is Salmon River, which flows 
about parallel with the Bruneau and heads near Contact, Nev. At 
the State boundary line Salmon River is 50 miles east of the main 
Bnmeau. Bruneau River splits into several branches in Idaho. 
The main stream flows to the west of the Jarbidge district The 
East Fork heads in Nevada just south of the State line, south of 
Three Creek. The West Fork heads at the Nevada line near the east 

1 Llndgren, Waldemar, Mining districts of Idaho Basin and Boise Ridge, Idaho : Eight- 
eenth Ann. Kept. V. & Oeol. Snrvey, pt 3, 1806, PI. LXXXVII ; map shows rhyolite and 
basalt, early Neocene. Boise folio (No. 45), Geol. Atlas U. S., U. S. Geol. Survey, 1898. 
The gold and silver veins of Silver City, De Lamar, and other mining districts in Idaho : 
Twentieth Ann. Kept. U. 8. Oeol. Survey, pt. 3, 1900, p. 65. Silver City folio (No. 104) 
and Nampa folio (No. 103), C}eol. Atlas U. 8., U. S. Geol. Survey, 1904. 

'Russell, I. C, op. clt. 

• Report Intemat. CJeol. Cong., 1801, p. 373. 

*0ral information furnished by Mr. P. C. Horn, chief englnoer In chnrge of the Twin 
Falls-Salmon River Land ft Water Co.*8 dam now being built at this place. 
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line of the Duck Valley Indian Reservation. Jarbidge Biver lies 
east of the main Bnmeau and joins it 40 miles north-northwest of its 
source, near Jarbidge, 14 miles south of the State line. 

From the convex edge of the plain on the south, at an elevation of 
about 4,000 feet, between Salmon and Bruneau rivers, the surface 
rises in a long, gentle piedmont slope to the Jarbidge Mountains, as 
shown in the left bacl^ound of Plate IV, the topography being on 
the whole in marked contrast with the rugged foothill slope of the 
Jarbidge Mountains on the Great Basin side to the south. In the 
vicinity of the State line the elevation in general is about 6,000 feet; 
6 miles farther south, at the foot of the high divide (see PI. Ill, A)y 
about 7,000 feet. The highest ridges attain almost 11,000 feet. Near 
the headwaters and south of Jarbidge camp the forks of Jarbidge 
River have cut deep trenches into the elevated volcanic plateau, 
which reaches its highest point south and east of the town. 

The high ground extending northeastward from the Jarbidge dis- 
trict and mountains, usually mistaken for the Great Basin divide, is 
in reality not the divide, but a long spur. 

After a drive of 40 miles over the flat Snake River plains the Jar- 
bidge-bound traveler on the Twin Falls route, crossing Salmon River 
at the dam, soon rounds on his left (southwest) the toe of a low 
lava-covered ridge. This ridge, with gradual increase in width and 
height and with gentle northwesterly slope, is on the left of the route 
throughout the remainder of the journey. It trends in a fairly direct 
southwesterly course for a distance of about 40 miles, beyond which it 
merges into the Jarbidge Mountains and the Great Basin divide 
proper. Back of the ridge from the traveler's route lie the widely 
branching headwaters of Salmon River, some of which reach well 
into the Jarbidge Mountains on the southeast 

Being without a name, the ridge may be appropriately referred to 
as the Elk Mountain ridge, from the so-called Elk Mountain, its 
most prominent landmark, in which, near the State line, 25 miles 
east-northeast of Jarbidge, it culminates at about 8,500 feet above the 
sea. (See PL I, p. 10.) 

The ridge seems to be mainly monoclinal, with the rocks dipping 
gently to the northwest, but in places it may be anticlinal or domed, 
as at Elk Mountain. It is said to show traces of mineralization in- 
terruptedly throu^out its extent, and its deposits are being pros- 
pected at Elk Mountain and other points. 

JABBIDGE MOUNTAINS. 

Of the mountains bounding the Snake River valley on the south 
the Jarbidge Mountains are among the most important and lofty. 
The great watershed extending irregularly through portions of 
Wyoming, Utah, Idaho, Nevada, and Oregon, and forming the divide 
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between tiie Oreat Basin on the south and the Snake Biver valley or 
basin of the Columbia on tlie north, culminates in tlie Jarbidge 
Mountains at an elevation of nearly 11,000 feet. 

The mountains are situated mainly around the head of the Bruneau 
Biver drainage basin. In the vicinity of the State line this basin has 
a width of about 60 miles, from a point east of Three Creek. Idaho, 
to Owyhee, Nev., and contains many tributary streams. It is 
bounded on the east, south, and west, by Salmon, Humboldt, and 
Owyhee Biver basins, respectively. 

The Jarbidge Mountains are about 12 miles wide and extend in 
an east- west direction parallel with the axis of the divide, across Jar- 
bidge Biver, a tributary to the headwaters of Bruneau, and its East 
Fork,* which draib the area in a northerly direction. The main ridges 
trend in the same direction, at right angles to the axis of the divide, 
as shown in Plate II (p. 12). This trend is not wholly due to con- 
sequent drainage on a sloping surface of lava flow, as would at first 
appear, but seems in general to harmonize with the trend of the 
Oreat Basin topography on tiie south and may owe its origin to lines 
of Assuring or faulting in connection with tiie epoch of igneous flows 
and uplift. 

The lavas were erupted in at least two distinct and extensive 
epochs, separated by a considerable time interval, during which sub- 
aerial erosion. scored the surface and developed a drainage system 
similar to that of to-day. 

The lavas of the later period were more fluidal and resistant than 
those of the first period. For convenience they may be referred to as 
the younger or " rim-rock " lava. They were freely poured out, com- 
pletely flooding the entire lower region and burying a large part of 
the older lavas, in places to depths of nearly 2,000 feet. This second 
period of eruption left the Jarbidge Mountain region in the form of 
a huge elongated east-west dome rising perhaps a thousand feet or 
more above the present highest peaks and having by reason of the 
fluidity of the later lavas a comparatively smooth surface. 

From the summit of this dome the surface declined in long, gentle 
slopes in all directions — to the flat-lying Snake Biver plains, about 
20 miles distant on the north, and nearly to the base of Elk Mountain, 
about the same distance on the east. 

On this new constructional domal surface, at the close of the second 
period of volcanism, subaerial erosion resumed its work of destruc- 
tion and denudation, and the present drainage system, with its main 
courses approximately parallel to the lines of the intervolcanic epoch, 

^Thls stream by some Is also called the KtMt Fork of Bruneau River, but tbis name 
is preoccupied, as shown on the land-offlce and other maps, by the 60-mile tributary 
draining the large Three Creek country to the east. To avoid confusion it aeems best 
to refer to the stream under consideration as East Fork of the Jarbidge. 
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was established. The higher part of the dome, where precipitation 
and temperature extremes were greatest and where there were lines 
of weakness due to volcanism and perhaps crater openings of consid- 
erable depths, was most deeply dissected. 

A notable and economically important feature of this process of 
denudation was th^ stripping off of the roof or cover of the dome, 
the great blanket of the second or younger lavas, which are now 
worn back to the east side of the East Fork valley on the east and 
beyond the Jack Creek valley on the north. The eroded edges of 
these lavas, rising nearly 1,000 feet above Jack Hole and Jarbid^ 
Biver, form a steep inward-facing scarp or rim rock, which rests 
upon and encircles the slopes of the mountains on the north and rises 
to the 10,000-foot contour where it crosses the divide on the east. 
(See PL II, p. 12.) 

As soon as the young lava covering became worn through at the 
summit of the dome, erosion was concentrated along the contact of 
this covering with the underlying softer old lava formation, and it 
has been a controlling factor in determining the present topographic 
features of the district. 

Simultaneously and almost coextensively with the stripping back 
of the young lava covering, the main streams — Jarbidge Biver, East 
Fork, and Jack Creek — ^in their process of down-cutting along the 
contact and subsequently below it, migrated or shifted their channels 
laterally down the slope of the dome, tiie Jarbidge to the west. East 
Fork to the east, and Jack Creek to the north. This migration of 
the channels has produced precipitous inward-facing cliffs bounding 
these streams on the outside of the dome — east of East Fork, north 
of Jack Creek, and west of Jarbidge Biver — and contrasting strongly 
with tbe long and comparatively gentle slopes on the opposite or 
inner sides, across which the streams have migrated. It has also 
resulted in the present occupation by East Fork and the Jarbidge of 
practically the same drainage lines that existed in the inter- volcanic 
epoch before the rim-rock lavas were poured out. 

The denudation and dissection of the old underlying lavas that 
followed the removal of the young lava covering has resulted in two 
distinct types of topography. The one type, shown in Plate IV, 
generally belongs to the old lava area occupying the heart of the 
district, from a line west of Jarbidge Biver to a line east of East 
Fork, and is adolescent The other type belongs to the young lava, 
or piedmont portion of the field, and is young. It is shown at the 
left in Plate IV. 

The old-lava area is at once the most striking and important. It 
contains the dominant features of the district. These consist of the 
high, rugged north-south ridge between Jarbidge Biver and East 
Fork and the deep valleys of these two streams, which cut below the 
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6,000-foot contour, or about 6,000 feet below the tops of the neighbor- 
ing mountains. 

Of the culminating peaks, which, as shown on Plate II and to the 
left of the center in Plate IV, are seven in number and about a mile 
apart, the most northerly and hi^est is Jarbidge Peak. This and 
the four succeeding peaks to the south, which are nearly equal to it 
in height, are conspicuous to the traveler approaching the district 
from the Idaho side, being visible for 90 or 100 miles on a clear day. 
They are commonly known as the Five Peaks, also as the Crater 
Peaks, Jarbidge Peaks, and Jarbidge Mountains. For convenience 
of reference in this report tiiey will be referred to as the Crater 
Peaks or Crater Range. 

This Crater Range is the most striking feature of the district 
topographically, geologically, and economically. It exceeds in alti- 
tude the Great Basin Divide. It is composed of great masses of 
volcanic rocks and contains nearly all the mineral deposits of the 
district. 

The topography of the old-lava area is of the type produced 
mainly by water erosion in an elevated country of horizontally de- 
posited volcanic rocks. It is mainly in the adolescent stage and is 
characterized by long, high, and in places narrow, though not usually 
sharp-crested ridges, with smooth or even contours and correspcmd- 
ingly deep, mostly V-shaped valleys and gulches bounded by slopes 
rising in many places for considerable distances at average angles 
of nearly 45°. (See Pis. II and IV.) Near the middle of the area, 
from Jarbidge River to the top of the north end of the Crater Range, 
the surface rises about 4,300 feet in a horizontal distance of about 
li miles, or at the rate of nearly 3,000 feet to the mile. 

In portions of their courses even the main streams occupy steep- 
walled box canyons, and in places, as back of the lower part of Jar- 
bidge and west of Bear Creek, the uniformity of the mountain slopes 
is interrupted by long stretches of vertical cliffs or scarps several 
hundred to a thousand feet in height, from whose base long trains 
of talus or rock debris extend down toward the valleys. 

On the east the Crater Range or, more exactly, the saddles of the 
range, also break off abruptly into steep, high-walled ampitheaters — 
U-shaped cirques or basins commonly known in this region as " cra- 
ters " — ^in which head most of the perennial tributaries of East Fork 
and Jack Creek. 

These basins, which, like the peaks, are situated about a mile 
apart, and some of which are confined by walls 1,000 or 1,200 feet 
high on the west (PI. V, ^) and separated by long slicing ridges* 
are known in consecutive numerical order from north to south as 
First Crater, Second Crater, etc. It is possible, to judge fnMn tuff, 
breccia, and other volcanic debris observed in the walls, that some 
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A. PINE CREEK VALLEY IN OLD RHYOLITE. 
FrofTi Pick and Shovel trail, on opposite s'ope. at elevation of 7,000 feet, look.ng southeast. 



/;. OLD RHYOLITES NEAR HEAD OF JARBIDGE RIVER. 

Composed of heavy, ill-def.ned fio^s or b^.ls d pp.- g ,^er,f y s'otrvvest. F'om Vo 0:a'k rr.ne tra'l. 
at e'evation of 7,700 feet, .ccK.ng weit acrosi tne i •«'. 
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of the basins may really represent old craters, but time did not per- 
mit inTestigation of this phase of the subject. 

The ** craters ^ manifestly owe their origin and general outline to 
local glaciers that headed in tiiem. They open to the east or north- 
east, and in this direction their floors slope gently. Since their occu- 
pancy by the glaciers their forms have been modified by subaerial 
erosion, including that of snowslides or avalanches. Snow and ice 
DOW remain in some of them throughout the year. They are floored 
by morainic and other forms of glacial drift and coarse avalanche 
debris, and the cliffs that confine them on all but the open side are 
flanked by belts of talus rising with steep slope usually about 200 
feet above the floor (PI. V, 5). Minor features of snowslide and 
glacial origin also occur locally along the upper course of the Jar- 
bidge, described later. 

The old-lava area on the whole is comparatively free from the im- 
passable precipitous barriers that usually characterize a country of 
this scale of topography and class of rocks. It is generally accessible 
to the pedestrian, and with slight detours a horse can be taken into 
almost any part of it 

The topography of the younger or rim-rock lava area is a young 
topography and contrasts strongly with that of the old-lava area. It 
resembles in its main features tiiat of the adjoining Snake River 
plains. The area consists in general of a gently sloping, rarely 
benched or scarped mesa or piedmont plain dissected by more or less 
parallel narrow, steep- walled box or V-shaped canycms, as shown at 
the left in Plate IV. Its youthful character is due in scxne measure 
to the greater resistance of the rocks in which it is carved but 
mainly to the facts that its relatively dry climate essentially exempts 
it from the attacks of subaerial erosion and that the streams which 
rise in the moister mountain regions in crossing it erode only the 
bottoms of their channels, leaving the sides and upper edges of the 
valley walls intact. 

Jarbidge River, the most important stream, heads in the southern 
part of the district on the upper north slope of the divide, in the 
angle formed by the junction of the divide with Crater Range, at an 
elevation of about 9,000 feet. (See Pis. 11 and III, B.) In the 
wpper part of its course, which trends in a north-northwesterly di- 
I'ection and is of a more or less torrential character in a U-shaped 
valley, it receives contributions from numerous gulches, the most 
important of which is Fox Creek, entering from the south, about 
3 miles in length. About half a mile below Fox Creek and the 
ninth standard parallel the river is joined from the southwest by Pine 
Creek, which is about 5 miles long and approximately equal in vol- 
ume to the Jarbidge above the confluence. The valley of Pine Creek 
is sharply cut, with rough topography, as shown in Plate VI, A. 
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Through the remainder of the district the course of the Jarbidge is 
northerly and its principal tributaries are Bear Creek and Deer 
Creek on the west and Bonanza Gulch, Bourne Gulch, and Jack 
Creek on the east 

From Pine Creek nearly to Jack Creek, a distance of about 4 miles, 
the Jarbidge for the most part flows through a gravel-floored, locally 
terraced flat about 500 feet in average width (PI. Ill, A) and has 
a s^nigraded course with a fall of about 160 feet to the mile, and 
is correspondingly swift. In volume of water it is said by W. A. 
Scott to compare with Clear Creek in Colorado. It is reported to be 
difficult to ford during spring and early summer. In August, 1910, 
at Jarbidge it was a fine clear stream about 20 feet wide and 18 inches 
deep. 

After entering the young lava area a short distance above Jack 
Creek the course of the river is mostly in a box canyon, a feature 
which has caused the present road to enter Jarbidge over Jack Creek 
Mountain, the high ridge between Jack Creek and Jarbidge River. 
The canyon is not deep, however, and as a more or less open though 
somewhat rugged valley flanks it on the east this part of the course 
could with moderate cost be made feasible for a highway or even a 
railroad into Jarbidge. 

Jack Crfeek, which heads in the First Crater and adjoining terri- 
tory on the southeast, occupies in a sense a piedmont valley bounded 
by the old lava mountains on the south and the young lavas forming 
the rim rock on the north. So near do its headwaters lie to a tribu- 
tary of East Fork that the triangular area to the north between these 
two streams and the Jarbidge, being almost completely surrounded 
by water, is commonly known as the island. 

Bear Creek and Deer Creek are both fine streams of moderate size 
and are bordered by timber land in the upper parts of their courses. 

East Fork, which drains the eastern part of the district, compares 
favorably in size with the Jarbidge. The topography of its valley, 
however, is more rugge4, especially on the east. Its course in the 
young lava area, which it enters in the northern part of the district, 
is mainly in a narrow box canyon, whose walls have almost a sheer 
drop in places of nearly 1,000 feet and within the district can be 
crossed only by making a detour of several miles to the north over a 
trail by way of Robinson Hole. The Jarbidge wagon road makes a 
similar detour, and by means of a long " grade " on each side of the 
canyon crosses at the Wilkins ranch in Idaho, 6 miles below Robinson 
Hole, about a mile north of ihe State line. At the north edge of 
the district at the time of visit, when the water was said to be at its 
lowest stage, East Fork was a fine, clear stream about 25 feet in width 
and 9 inches deep. It flows in a semigraded or gently riffled cobrse 
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orer a gravel bed, with an estimated velocity of about 4 miles an 
hour. 

It is probable that in both the Jarbidge and East Fork valleys con- 
siderable water leaves the district unobserved through the subsur- 
face gravels that constitute the valley floors. Both streams are plen- 
tiful in trout^ After receiving East Fork a few miles beyond the 
Idaho line Jarbidge Kiver flows to the Bruneau, about 24 miles north 
of the State line. From the junction Bruneau Kiver flows a little 
north of west for about 50 miles across Owyhee County and joins 
Snake River near the comer of Ada and Elmore counties. 

Bruneau River, notwithstanding the fact that in the lower part of 
its course its waters are largely used for irrigation, is one of the few 
tributaries whose waters, flowing across the Snake River plains, 
reach the Snake as perennial surface streams from the south. 
Among t^e tributaries of the Bruneau the Jarbidge waters are per- 
haps the most important 

The extreme southeastern and south-central portions of the dis- 
taict, which are relatively unimportant so far as present mining de- 
velopments are concerned, drain, respectively, southeastward through 
Canyon, Cottonwood, and Camp creeks into Salmon River and 
southward through Marys River into the Humboldt. The extreme 
southwestern portion of the district drains principally into the main 
or Charleston fork of the Bruneau. 

OEOIjOOY* 

Like much of the Great Basin on the south and the Snake River 
or Shoshone Basin on the north, the Jarbidge district lies in an 
area of folded and tilted, principally Paleozoic sedimentary rocks 
cut by granular intrusives and flooded by Tertiary lavas, as shown 
on the geologic map. (See PI. 11.) 

The rock groups of the region, beginning with the oldest, are 
Paleozoic sedimentary rocks, post-Paleozoic intrusive rocks, early 
Tertiary lavas, late Tertiary lavas. Tertiary sedimentary rocks, and 
Quaternary deposits. With reference to the mineral deposits the 
early Tertiary lavas are the most important of these groups. The 
area of these lavas is approximately outlined on Plates I and II. 

SEDIMEHTABY BOCKS. 
PALEOZOIC SEDIMENTAHT BOCKS. 

Rocks regarded as Paleozoic occur in the western part of the Jar- 
bidge district and eirtend southward across the divide into the Great 
Badn. (See Pis. I and 11.) In this vicinity they constitute the 
north-south range of hills between the Jarbidge drainage basin on 
the east and that of the main foi^ of Bruneau River on the west, 
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locally known as the Quartzite Range and also as the Copper Moun- 
tain Range, from the prospects of copper that it contains. 

These rocks, according to N. W. Sweetser,* who assi^d the writer 
and who had previously devoted much time to studying the geology 
of the district — 

consist, in order of deposition, of quartzite, limestone, and shalea They have 
been considerably disturbed, faulted, tilted, and folded. They dip steeply to 
the north at angles of 60** and exhibit a general thickness of several thousand 
feet. * * * No fossils have as yet been found in them in this part of the 
field. They rest upon gray, coarsely crystalline hornblende granite, wliich 
seems to be intrusive, and they are locally overlain or capped by thin flows of 
rhyolite. The limestone is cut by dikes of granodiorite of about the same age 
or slightly younger than the granite. 

Near the center of the district are outcrops thought to belong to 
these old rocks, notably on the west slope of Crater Range. Here, 
protruding above the surface of the surrounding rhyolite, a quartzite 
reef, apparently representing an upturned bed or sill, probably in the 
crest of a buried range, and commonly known as the " quartzite dike," 
is shown by more or less continuous bold croppings to extend for a 
distance of about 2 miles in a northeasterly direction diagonally 
across the mountain side above the Bourne and Buster mines and is 
recently reported to have been struck in the Pavlak tunnel. It is 
said to have an average width of about 200 feet and a maximum of 
about 400 feet. It agrees in trend with the Great Basin ranges on 
the south and probably represents the crest of one of these old moun- 
tains that was long deeply buried by the lavas through which it now 
protrudes, having been but recently brought to view by erosion and 
probably faulting. On the northeast, where it crosses Bourne Gulch 
at an elevation of nearly 7,000 feet, it is about 140 feet wide, dips 
80° NW., and shows on the hanging wall some breccia and a little 
black slate or chloritic and graphitic schist containing needles and 
lath-shaped areas of sericite and other metamorphic minerals. Where 
not altered to a relatively massive quartzite by silicification, as it 
seems to be in most places, it consists of medium-grained whitish or 
light-gray, very hard quartzite. Except for a few layers of parallel 
sheeting it is structureless or massive. Persons who have prospected 
on or along the reef report that no other sedimentary rock is present 
in association with it. 

About half a mile southeast of the quartzite reef above described, 
to the north of the Bluster and the Pick and Shovel mines, chiefly on 
the south side of Bonanza Gulch, pale-greenish siliceous shale or 
sericitic quartzite and conglomerate crop through the rhyolite. 
These rocks, though regarded as Paleozoic, appear younger than the 
quartzite reef, with which they are in marked unconformity and 
which has seemingly supplied much of th^ material contained in 

^Mhi. and Sd Press, toL 101, No. 27, Dec. 81, 1910, p. 871. 
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the conglomerate. The outcrops extend interruptedly from the point 
where the Bluster ledge crosses the gulch, at an elevation of about 
7,200 feet, westward down the gulch for about a quarter of a mile, 
fttmi the It claim on the east across the American Man claim and on 
to the Ariz<ma Fraction on the west, at an elevation of about 6,800 
feet From Bonanza Gulch the outcrops also rise southward to the 
top of the ridge, at the north end of the Pick and Shovel claim. 

The conglomerate, exposing a thickness of about 80 feet, occurs 
toward the base or lower end of the croppings. It ranges from 
fine grained and arkosic to coarse and bowldery. It consists mainly 
of bowlders and pebbles of quartzite, black massive argillaceous rock 
freely traversed by quartz veinlets, and some old basalt or diabase. 
It is overlain by impure sandstone or graywacke, which seems to 
grade upward into the shale. Both the congl(nnerate and the shale 
are cut by rhyolite dikes, one of which is about 30 feet wide. 

The shale is more or less massive and shows some banding, appar- 
ently representing lines of stratification. It resembles some of the 
shales in the Coeur d'Alene district, Idaho. Though the rocks are 
somewhat faulted and tilted, they seem in general to dip gently 
southeastward into the mountain, and their deeply buried strata 
may be the source of crushed small masses and fragments of shale 
found in the veins and associated fault gouge higher up in the moun- 
tains. Their outcrops on Bonanza Gulch indicate a partial thick- 
ness of about 500 feet. 

The rocks here described are referred collectively to the Paleozoic 
on account of their resemblance to Paleozoic rocks observed elsewhere 
and the well-known wide distribution of such rocks in the surround- 
ing regicms. 

Some of these rocks, consisting principally of quartzite, limestone, 
and a considerable amount of shale and slate, are exposed in the Elk 
Mountains on the Nevada side of the State line, about 10 miles east 
of the Jarbidge district, and also in the Contact district, on Salmon 
River, 25 miles east of the southern part of the Jarbidge district, 
about 15 miles south of the State line. Both of these places were 
visited by the writer in 1910. 

The maps of the Fortieth Parallel Survey show a wide distribution 
of these Paleozoic sediments on the south. Map IV, which covers an 
area extending north to parallel 41° 30', or within 20 miles of the 
Jarbidge district, shows the Basin ranges and areas of the old eroded 
rocks in that region to be mostly Carboniferous, surrounded and over- 
lain by Tertiary sediments (Humboldt formation. Pliocene) and, as 
in the Jarbidge district, flooded by rhyolitic lavas. To judge from 
reports of prospectors it is also probable that the Pliocene sediments 
or lake beds extend northward to the southern slope of the Jarbidge 
Mountains. 



Digitized by VjOOQIC 



80 



JABBIDQE MINING DISTRICT. 



The region 25 miles to the west of the Jarbidge district Emmons ^ 
describes as an area of Paleozoic sediments cut by granodiorite and 
other intrusive rocks and overlain by Tertiary lake beds and lava 
flows, and he shows the wide distribution of these old rocks on his 
map. 

In the light of these facts, together with the presence of eroded 
Paleozoic rocks in and west of the district and in Elk Mountain on 
the east, there seems to be no doubt that the great pile of lavas com- 
posing the Jarbidge Mountains rest upon a surface of eroded 
Paleozoic rocks that is continuous, beneath the lavas, with that of the 
Great Basin on the south, Copper Mountain on the west, and Elk 
Mountain on the east. 

The nearest locality at which the detailed section of these Paleozoic 
rocks has been worked out and their succession is well known is 
Eureka, Nev. As inquiries concerning these rocks have been made 
by persons who are investigating the mineral deposits contained in 
them in the Copper Basin, Comwell Basin, Gold Basin, Taylor 
pocket, and other areas adjoining the Jarbidge district on the west, 
the following Eureka section ^ is inserted as having a more or less 
direct bearing on these areas. 

Emmons reports that in the area covered by his paper — 

none of the sedimentary or igneous rocks have suffered deep-seated dynamic 
metamorphism such as results in the development of gneissoid or schistose 
structure and none of them have been deformed in the zone of flow. Around 
the Intrusive granular rocks there is noticeable contact metamorphism, with 
garnet zones, especially in limestone and in shales. 

The present writer finds the same to be true of the Elk Mountain 
and contact districts to the east, and essentially the same seems to be 
true of the area bounding the Jarbidge district on the southwest 
and west. 

Geologic section in Eureka region, Nevada. 



Sys- 
tern. 


Formation. 


Thick- 
ness 
(Iteet). 


Character. 




Upper coal measoros 


500 


Lightrcolored blue and drab limestones. 




Weber conglomerate 


2,000 


Coarse and floe constomerates, with angular fragments of 
chert; layers of reddish-yellow sandstone. 


. 




1 


Lower coal meaauree 


3,800 


Heavy-bedded dark-blue and gray limestone, with inter- 
calated bands of chert; argillaceous beds near the base. 




Diamond Peak quartrite 


3,000 


Massive gray and brown qnartdte, with brown and green 
shales at the sununit. 




White Pine shale 


2,000 


Black argillaceous shales, more or lees arenaceous, with In- 
tercalations of red and reddish-brown friable sandstone, 
changing rapidly fi:om one k>callty to another; pJant im- 
pretaoons. 







1 Emmons, W. H., A reconnaissance of some mining camps in Elko, Lander, and 
Eureka counties, Nevada : Bull. U. S. Geol. Survey No. 408. 1910, p. 15, PI. V. 
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(Geologic secUon in Bureka regUm, Nevada — Gontinaed. 



fs. 


Formfttkm. 


Tbiek- 
nan 
(feet). 


Character. 




KevBda ttmestone. 


6,000 


Lower atrata indktinctly bedded, saccbaroidal texture, 


s 




gray color, pawing up into strata distinctly bedded, 
brown, reddish brown, and gray in color, in places finely 
striped. produdnE a variegated appearance; upper rocka 
massive, weU bedided, bbSdi-black in color, highly foe- 
siliferotts. 




Lone Moon tain Umestone 

nnooaformitr. 


1.800 


Black, gritty beds at the base, passins into a U^t-mysOI- 
oeous rock, with all traces of beddmg obliterated: TreD- 
ton fossils at the base; Halysites in the upper portion. 


1 


i^nrftk* q.nftrtTft?. . . 


500 


Compact vitreous quartzite, white, blue, passing into red- 
disbtints near the base; hidistinctbeddhig. 


1 









2,700 


Interstratifled limestone, argilUtes, and arenaceous beds sf 






bluish-gray color, distinctly bedded; highly foeriUferoiH. 




PnndvlMwt^ ph*]^ *- . -' 


350 


YeUow areillaoeous shale; layers of chert nodules through- 
out the bed, but more abundant near the top. 








Hambors Umestone 


1,200 


Dark-cray and granular limestone; •snrfece weathering 
rough and ragged; only slight traces of bedding. 






i 

1 


Seciet Canyon shale. 


1,000 


Yellow and gray argillaceous shales, paadng into sfaaly 
limestone: near the top interstratifled layers of shale and 
thinly bedded limestones. 




3,050 


Gray, compact limestone; lighter in color than the Ham- 




burg limestone, traversed with thin seams of calcite; bed- 


Proapect Mountain qoartsite. 


1,500 


Bedded brownish-whitequartdtes, weathering dark brown: 
ferruginous near the bctse; intercalated thin layers of 



•This name replaces "Hamburg'' shale. See Waloott, C. D., Smithsonian Misc. Coll., vol. 53, No. 
mi908,p.l84.^^ 
• TUs name replaces "Prospect Mountain "Umestone. Idem. 

TERTIABT SEDIMENTABT ROCKS. 

Rocks corresponding to Tertiary sediments are reported by pros- 
pectors to occur on the south side of the Jarbidge Mountains, but as 
that locality was not visited in this work, the following statement 
taken from Emmons^a report ^ is here inserted : 

Boceme, — On the northwest slope of the Blko Range, about 3 or 4 miles east 
of EUco, the Eocene beds are exposed, dipping 35** B. These beds consist of 
^^ery tlihi shales, calcareous at some places and sillcifled at others, and they 
oontain seams of impure coaL They are overlain unconformably by the Hum- 
boldt fOTmation (Pliocene), which here consists of a white porous volcanic 
t^ a a a 

FUocene. — In Pliocene time a great lake occupied almost the whole territory 
between the Wasatch Range on the east and the Sierra Nevada on the west, 



lEamona, W. H., A reconnalasance of some mining camps in Elko, Lander, and 
Bueka Coiuitlea, Nevada : BnlL U. S. Qeol. Survey No. 408, 1910, pp. 21-23. 
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extending northward far into Idaho and southward to an unknown distance. 
This lake Clarence King has named Shoshone Lake, and the beds laid down in 
it are called the Humboldt formation. These beds are composed mainly of 
friable gray, white, and drab sandstone and marly limestones, and at many 
places contain abundant volcanic material, chiefly tuff of a rhyolitic character. 
Some of the siliceous beds are made up largely of diatomaceoua earth. In Bone 
Valley, just west of the Mallard Hills^ which are some 30 miles north of 
Halleck, Pliocene fossils have been found. 

The thickness of the Humboldt formation is at most places unknown, for 
complete sections are very rare. In the Huntington Valley, according to King, 
it can not be less than 600 or 800 feet, and occurrences at other places give the 
impression that the thidmess is greater. 

The Humboldt formation covers large areas in tills part of Nevada. * • • 
At several places it lies approximately flat and rests unconformably on the 
upturned edges of the steeply tilted Eocene bedSw * * * As a rule, however, 
the Humboldt formation is not so steeply tilted as earlier formations, and at 
fieveral places the beds are flat-lying, resting upon the more higlily tilted 
Eocene beds. 

QUATEKNARY DEPOSITS. 

The Quaternary deposits so far as observed are of too small extent 
to be shown on the scale of the accompanying map and are relatively 
imimportant. They comprise glacial and snowslide deposits, talus, 
and alluvium. 

Glacial deposits. — As noted on page 25, the series of amphithe- 
aters, or so-called craters, into which Crater Kange breaks off 
abruptly on the east, owe their origin to the action of ice or local 
glaciers that headed in them. The rock materials (PL V, 5, p. 24) 
which these and similar neighboring glaciers eroded or transported 
in their downward course were deposited mainly as sheets of till, 
bowlder clay, ground moraine, or ridges of terminal moraine in the 
bottoms or lower side slopes of the upper parts of the valleys. 
Examples of these deposits occur on the upper course of Jarbidge 
River, and in the dooryard of Park's place at Jarbidge is a small 
esker-like gravel ridge, which seems to owe its origin to a subglacial 
stream. It is quite possible that on certain slopes now covered with 
slide and talus sheets of ground moraine of considerable local extent, 
not observed in this work, may occur. 

Snowslide deposits. — ^The snowslide deposits occur mainly as crude 
fan-shaped accumulations at the mouths of some of the main gulches 
and craters, of which Snowslide Gulch is a good example. They 
consist of a heterogeneous mixture of talus or loose, angular rock 
debris, gulch scour, demolished timber, etc, gathered and mixed by 
the snowslide or avalanche on its way. They have a maximum 
extent of about one-fourth of a mile and a thickness of 30 or 40 feet. 
In places they are cut through tg the underlying till by the present 
streams. 
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Tdms deposits. — ^Trains or bdts of talus or angular rock cKbris, 
nsoally coarse, extend from the foot of tiie cliffs down toward the yal- 
lej. Good examples occur about the head of Bonanza and Gorge 
goldies and at the foot of the cliff in Horseshoe Crater (PL V, B^ 
p. 84). 

AUumal deposits. — Stream-laid river grarels floor the open por- 
tions of the main valleys, especially the Jarbidge Valley, from a point 
near Pine Creek to the vicinity of Jac^ Creek, for a distance of about 
4 miles, as shown in Plate 11 (p. 12). They consist mainly of the 
dder lava pebbles and range from fine to coarse, but are mostly above 
medium size. The deposits have an average width of about 500 feet 
ftod a maximum at Jarbidge of about 1,000 feet. At the time of visit 
they were being exploited at the lower end of the valley, where they 
show a thickness of more than 14 feet, with bedrock not yet reached. 

In the valleys on the south side of the divide, in the direction of 
Charleston, accenting to reports of prospectors, occur also accumula- 
tions of Quaternary gravels such as floor the valleys between the 
ranges more or less throughout the Great Basin region. 

lOHBOXTB ROCKS. 
IN1VU8IVB GBANmC BOCKS (CBETACEOUS!). 

The oldest igneous rocks are the post-Paleozoic intrusives. They 
consist of stocks and dikes of granular granitic rocks that intrude the 
Paleozoic sediments and are considerably older than the Tertiary vol- 
canic rocks next described. The most important of these, according 
to Swe^aer,^ is a gray, coarsely crystalline hornblende granite that 
is extensively exposed underlying and intruded into the Paleozoic 
sedimentary rocks on the southwest and west of the district. This 
rock seems in general to agree with the prevailing intrusive found by 
Emmons ' in tibe area farther to the west, and, like it, may be found 
on analysis to stand close to granodiorite. 

After the intrusion of the granite both it and the Paleozoic rocks 
were further intruded and cut by dikes of a similarly granular rock. 
A small body of this rock outcropping through the sediments and 
their rhyolite covering occurs on the upper part of Bonanza Gulch 
north of the Bluster mine. It is a red medium-grained granitoid 
rock and contains numerous dark or dull-green, roughly equidimen- 
sional crystals of hornblende, of which the largest are nearly one- 
fourth inch in maximum diameter. The microscope shows the rock 
to be a granodiorite and to be composed essentially of soda-lime and 

^Sweetser, N. W., Geology of ttie Jarbidge mining district: Min. and Sci. Press, vol. 
101, No. 27. Dec. 31. 1910. p. 871. 
a Emmons. W. H., Ball. U. S. Geol. Survey No. 408. 1910. p. 24. 

11840**— BuU. 497—12 3 
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alkali feldspars in about equal amount, hornblende, and quartz. 
Quantitatively the alkali feldspars are present in the following order : 
Microcline, microperthite, orthoclase. The microcline is traversed by 
veinlets of albite and contains inclusions of plagioclase. Optic tests 
show the plagioclase to be mostly andesine-labradorite. Much of it 
is considerably kaolinized or altered. In the weathered rock the horn- 
blende is wholly changed by alteration to epidote, which is present in 
considerable amount, and to chlorite. Accessory minerals present are 
magnetite in considerable amount, apatite, and zircon. 

In describing the occurrence of granodiorites in the area to the 
west Emmons ^ refers to an analysis as follows: 

An analysis* of the rock which constitutes the summit of Shoshone Peak was 
made by R. W. Woodward. This analysis gives all the iron as ferrous iron, and 
the norm can not be calculated ; but it is sufficient to confirm the classificatioD 
of the rock as granodiorite. Its composition is very near that of a granodiorite 
from Pyramid Peak, Eldorado County, Cal., described by Lindgren,* and that 
of other typical granodiorites in California. 

Analysis of granodiorite from Shoshone Peak. 

[By R. W. Woodward. 1 

SIO, 70.17 

AUG, 14. 53 

FeC) 4. 03 

CaO 2.29 

MgO .93 

Xa,0 3. 25 

K,0 3. 35 

HjO 1. 53 

100.08 

The intrusive granitic rocks, on the whole, are younger than the 
Paleozoic rocks, which they intrude, and older than the Tertiary 
lavas, which they do not intrude. From a similar study of their rela- 
tions to rocks of known age in various parts of the West described 
by Lindgren, RansomCj and others, Emmons* concludes that the 
rocks are essentially of Cretaceous age. They are very likely of the 
same general period of intrusion as the batholiths of California and 
western Nevada. They are of economic importance, for the ore de- 
posits found in association with them in the Paleozoic sediments 
that are widely distributed in northern Nevada and at Cornwall and 
Copper basins, and elsewhere on the west and southwest of the Jar- 
bidge district, seem to be genetically connected with their intrusion. 

* Emmons, W. H., op. dt., p. 25. 

«U. 8. Geol. Expl. 40th Par., vol. 2, 1877, p. 621. 

■ Lindgren, Waldemar, Am. Jonr. Scl., 4th ser., vol. 3, 1897, p. 306. 

* Emmons, W. D., op. cit., pp. 28-29, 
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TERTIARY VOLCANIC ROCKS. 
eSHXRAL TEATUBXS. 

The intrusion, deformation, and erosion of the Paleozoic sediments 
was followed by the eruption of Tertiary volcanic lavas that more 
or less completely flooded the region. It was early recognized by 
the Fortieth Parallel and other surveys that the Great Basin shows 
a variety of Tertiary lavas which are identical over wide areas and 
were erupted in somewhat the same succession. This succession in 
general, according to Spurr,^ whose studies of the lavas in a large 
part of the Great Basin are among the most recent, is rhyolite, andes- 
ite, and basalt. 

Among these rocks the most abimdant and widely distributed are 
the rhyolites.* The volcanic rocks in the Jarbidge district, as shown 
by a comparative study with those of the Fortieth Parallel and other 
surveys, plainly belong to this family. It is quite possible, however, 
that the rocks of the Jarbidge district may contain also other lavas 
than rhyolites, but they were not observed in this reconnaissance 
and, if present, must be in small amount. 

The description of Emmons,' which gives the chief character- 
istics of the rocks of the Jarbidge district, is as follows: 

Rhyolites are glassy igneoas rocks which have ahout the same chemical 
composition as granites. In color they are white, pink, purple, or dark brown. 
The dense, pasty groundmass may contain pheuocrysts of quartz and orthoclase, 
with small amounts of biotite, augite, and hornblende. A little soda-rich 
plagioclase may also be preset among the phenocrysts. They form surface 
flows and many of them show streoking due to flowage. Some of them are 
flow breccias formed of angular fragments of rhyolite in a matrix of the same. 
Such rocks result when a crust forms over the flow and is broken up by the 
nwvement of the still liquid portion, which, solidifying, forms the matrix for 
the fragments. Some rhyolites are thin, fissile bands which resemble shales. 
The shaly appearance is probably due to banding that developed as the rhyolite 
flowed and was emphasized by subsequent weathering along the parting planes. 
Some are vesicular. The small blebby holes in these rocks represent the places 
where imprisoned gases expanded when the pressure was removed from the 
magma at the time of eruption. In some the vesicles are filled with amygdules 
of amethystine quartz, deposited by water after the rock had solidified. 

The rhyolites of the Jarbidge region were erupted in at least two 
distinct periods, separated by a considerable interval of erosion, and 
they will accordingly be described as the earlier or old rhyolites and 
the later rim-rock or young rhyolites. 

* SpniT, J. E., Prof. Paper U. S. Oeol. Survey No. 42, 1905, p. 274 ; Jour. Geology, vol. 
8, 1900, p. 642. 
«r. S Geol. Expl. 40th Par., toI. 1, 1878, p. 606. 
*Rmmoiis, W. H., BulL U. S. Geol. Sorrey No. 408, 1910, pp. 30-81. 
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OZJ> BHTOUTSB (XIOOSVEt). 
000X7BBENCE AND DISTBIBUTIOIf. 

The economically most important and interesting of the volcanic 
rocks are the old rhyolites. On the eroded surface of the Paleozoic 
sediments the lavas were poured out, mainly in successive broad flows, 
until they aggregated nearly 6,000 feet in maximum thickness, meas- 
ured from the bottoms of the old valleys to the top of the neighboring 
mountains. They seem to have been erupted mainly along a fissure 
or series of inconspicuous craters or vents coinciding with the axis of 
Crater Kange, whence they spread widely in all directicMis. 

At or soon after the close of eruption the rocks were fissured, in 
part, perhaps, by contraction due to the cooling of the heated mass, 
but mainly by crustal movement attended by normal faulting. The 
fissures thus produced are now occupied by the gold-bearing quartz 
veins of Ihe district and a few of th^n by rhyolite dikes. 

The erosive processes that followed eruption and gave the region 
its present surface relief are described on pages 22-23. 

The present exposures of these rocks in the district, as shown on 
Plate II (p. 12), extend from ihe region beyond the Great Basin 
divide on the south to Jack Creek, Bimrock, and Robinson Hole on 
the north, a distance of 12 miles or more, and from the region west 
of the Jarbidge to and beyond East Fork on the east, a distance of 
about 9 miles, thus occupying an area of about 100 square miles. 
Beneath the young lava covering they seem also to have a consid- 
erable extent to the southeast, where they are exposed mainly in the 
deeply cut valleys on the headwaters of Salmon and Marys rivers. 

Measured from the summit of Crater Kange to Jarbidge River, 
which is still sinking its bed into these lavas and so far as known 
has nowhere cut through them to the underlying Paleozoic rocks, 
the lavas, after having suffered two periods of vigorous erosion, the 
intervolcanic and the postvolcanic, the latter of which is yet going 
on, still show a thickness of nearly 5,000 feet. On the west they have 
been largely removed by erosion, being represented only by thin 
detached sheets capping the Paleozoic rocks on the sunmiits of the 
Copper Mountain Range. On the east and north they pass uncon- 
formably beneath and are buried by the younger lavas described on 
pages 42-46. 

As seen in their present weathered state in the field, the rocks 
exhibit a great variety of colors, of which the prevailing is pinkish 
or reddish ash-gray. Greenish, reddish, and purple tints are also 
characteristic, and practically the whole northeastern part of the 
Crater Range is stained a bright brick-red by iron oxide. 

The rocks occur in a score or more of flows, resting imconf ormably 
one upon another and ranging from 30 or 40 to several hundred feet 
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in thickness. Along Jarbidge Kiver they are not well defined. (See 
PL VI, 5, p. 24.) On East Fork, according to Sweetser/ 12 succes- 
sive flows cut through by the stream can be counted. 

In some localities, as shown in the cliffs back of Jarbidge and 
along Bear Creek, the flows exhibit a crude columnar structure, a 
feature found by the Fortieth Parallel Survey developed to a high 
d^ree of perfection at Karnak, in the Montezuma Range, Nevada.^ 
Some of the flows are also more or less cavernous, examples of which 
are conspicuous in the high cliffs of the Bear Creek drainage basin, 
we^ of Jarbidge. Some of the openings look large enough to admit 
a man on horseback. At the south edge of the Jarbidge River flats, 
about three- fourths of a mile above the town, opposite the Buster 
mines and apparently on the Buster main fissure, occurs one of these 
features, locally called the Jarbidge Cave. It extends some 60 feet 
under the mountain, having a width at the floor of about 20 feet and 
a height of about 16 feet. These caverns were formed mainly by 
uneven congealment of the lava while yet in motion, and in some of 
them, as the Jarbidge Cave, faulting and dissolving out of the rock 
mass by circulating acidic solutions have been important agencies. 

Similar features on a smaller scale may be observed in the hand 
specimen as druses, usually lined with hyalite or opaline chalcedony, 
examples of which are plentiful on the ridge west of Bear Creek. 

The rocks are in the main nearly horizontal. They include locally 
intercalated sheets of black and brown obsidian or glass and also, 
particidarly in the upper portions, the usual ejecta and coarser vol- 
canic products, such as ash, tuffs, breccias, agglomerates, bombs, 
and lapilli, more or less widely distributed. On the head of Jar- 
bidge River, to the southwest and west of the confluence of the south 
and east branches, the flows, as shown in Plate VI, B (p. 24) , seem to 
dip to the southwest 

8TBU0TUBB. 

The rocks show gentle folding and some smaller dislocaticms, par- 
ticularly along the vein fissures, especially on Bear Creek. Apart 
frcHn this no pronounced faulting was observed. 

The faults, including the vein fissures, seem to be mostly normal. 
They occur roughly in two groups — the west group, mainly in the 
west sl(^)e of the Crater Range and along Jarbidge River, and the 
east or Crater group, mainly in the upper east slope of the Crater 
Bange. Those of the west group, as shown on Plate II (p. 12), 
strike in the main northwestward and dip steeply to the east, into 

* Bweetser, N. W., Geology of the Jarbidge mining district : Min. and ScL Press, Dec 
SI* IdlO, pp. 871-872. 
'U. 8. Geol. £zpL 4(Hh Par., voL 1, 1878, p. 644, PI. XXI. 
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the range; those of the east group strike more nearly north and 
south, parallel with the range, and dip steeply to the west, into its 
axis, against the dip of the west group. 

The faults probably represent in the main prevolcanic faults or 
deformation lines in the underlying rocks, where they reach far be- 
yond the Jarbidge district^ and they were subsequently ext^ided 
upward through the lavas by widespread postvolcanic disturbances. 

The prevalence of the normal faulting, however, and the synclinal 
dips of the two fault groups or systems frwn opposite sides of the 
axis of the range indicate that some of the fissures are probably also 
in part due to subsidence of the axis and adjustment that followed the 
outpouring of the lavas. It is also probable that in places Assuring 
may have been aided by contraction of the heated lava mass in 
cooling. 

The rocks are cut by rhyolite dikes, which are similar in character 
to the intruded rock and were probably derived from the same 
magma. Examples may be seen in Bonanza Gulch below the Pick 
and Shovel property. 

MACBOSCOPIC CHABACTEB. 

The rocks normally consist essentially of a fine-grained dense or 
aphanitic groundmass with equidimensional phenocrysts of quartz 
and feldspar ranging from very fine up to 0.2 inch in diameter and 
giving to the rock a porphyritic aspect. The quartz is by far the 
more abundant. In places the phenocrysts are so plentiful as to give 
to the rock the appearance of a medium-grained granite, but in gen- 
eral the groundmass much exceeds the phenocrysts in volume. Band- 
ing or flow structure is locally present but not usually pronounced. 
The rocks in general are considerably altered. In some areas, par- 
ticularly in the vicinity of vein fissures, they are highly altered by 
metasomatic replacement, the chief changes being devitrification and 
silicification of the rock almost as a whole, attended with the de- 
velopment of certain new or secondary minerals described later. 

The feldspars, which are mostly orthoclase, are usually much 
weathered or kaolinized and where corroded out at the surface give 
to the pebbles in the river gravels and to some long-exposed talus a 
pitted or pock-marked appearance. The quartz occurs mostly m 
roimded or globular grains, and though of a vitreous or glassy luster 
it is rarely clear or white^ but ranges from pale reddish or purplish 
through deep wine color to dark reddish brown. Locally it is known, 
particularly where strongly colored, as " fish-eye " quartz. 

On being mechanically isolated from the parent rock the quartz 
loses much of its intensity of color and the loss is still further iu- 
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creased by crushing or pulverizing. The finer the division the 
greater proportionally is the loss, and the microscope shows that the 
coloring is not uniform in all parts of a given piece of the crushed 
material. The color is strongest in areas of metasomatic alteration 
and here the rock, as on the Pavlak property, is also more or less im- 
pregnated with secondary pyrite and marcasite rather uniformly dis- 
seminated in small macroscopic and finer cubes and grains. 

MICBOSCOPIC CHARACTEB. 

Under the microscope the groundmass is seen to range from micro- 
crystalline through cryptocrystalline to glassy. Much of it is felso- 
phyric and in some places it is moderately streaked or banded with 
flow structure. Some imindividualized glassy base is nearly always 
present, forming by far the greater part of some slides, and much of 
it is devitrified. The groundmass is usually microlitic or contains 
small rods of feldspar, quartz, augitic, and other greenish dark bisili- 
cates, presumably biotite and hornblende, with which in some sec- 
tions it is heavily charged. These minerals usually lie parallel with 
the flow structure but in some slides are disposed in axiolitic, radial, 
or spherulitic arrangement, giving to the rock a spherulitic structure. 
Locally these spherulites constitute the principal part of the ground- 
mass. In some slides portions of the groundmass are micrograno- 
phyric and micropegmatitic and portions contain lithophysae or 
small vesicles lined with quartz and feldspar. 

The phenocrysts are mainly quartz, orthoclase, and plagioclase, 
with here and there a little biotite, hornblende, and augite. The 
feldspars usually show crystalline outline; the quartzes are in gen- 
eral roimded or globular and penetrated more or less by sinuous em- 
bayments of the groundmass. In some slides, however, both the feld- 
spar and the quartz occur also in angular fragments that have seem- 
ingly resulted from flow breccia and give the slide a clastic or brec- 
ciated appearance. The feldspar and quartz, like the other pheno- 
crysts, are irregularly distributed throughout the slide, singly and 
also in groups of roughly circular or triangular outline in which the 
crystals and fragments aggregate 30 or 40 in number. 

Both the feldspar and the quartz contain glassy inclusions which 
in places are so plentiful as to form netlike intergrowths with the 
host mineral. They also contain as small inclusions earlier feldspars, 
bisilicates, and the accessory minerals including magnetite. Some 
quartzes and feldspars exhibit frayed or corroded borders. The feld- 
spar as a rule is mostly kaolinized or altered to a kaolinic substance 
and to muscovite or sericite, and some is altered beyond identifi- 
cation. 
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The feldspar is principally orthoclase, but microperthite and albite 
are present in scnne slides. The orthoclase occurs mainly in tabular 
and rectangular crystals and some in Carlsbad twins. Plagioclase 
on the whole is cmly sparingly present It occurs mainly in rec- 
tangular crystals and is mostly oligoclase. Some of it, however, 
gives optical teste corresponding to andesine-labradorite. 

The deeply colored quartz grains constituting the ^^ fish-eye^ 
quartz under the microscope show clear, with the coloring matter re- 
stricted to the fractures and periphery of the phenocrysts. The col- 
oring is therefore not indigenous, nor was it incorporated in the 
quartz at the time of crystallization, as in smoky quartz, but is due to 
secondary foreign ferric oxide. 

In the portions of the district containing the more highly altered 
rocks, where devitrification and silicification have been extensive, 
some feldspars and quartzes are more or less surrounded by a fringe 
or aureole of secondary silica and adularia, which locally as replacing 
minerals deeply penetrate the feldspar, particularly the plagioclase. 
In these rocks tfiere is more or less pyrite and marcasite ranging from 
microscopic crystals down to small grains and fine dust. 

The biotite occurs sparingly in small plates and foils and is mostly 
altered to chlorite. In a few slides biotite, magnetite, and hornblende 
seem to have resulted by alteration of augite. The augite, which is 
of rare occurrence, forms small yellowish-brown crystals. Magne- 
tite, apatite, and zircon occur as accessory minerals. 

Secondary minerals, besides the pyrite and marcasite, are sericite, 
chlorite, hematite, limonite, epidote, kaolinite, hyalite, opaline chal- 
cedony, quartz, adularia, and a little calcite. 

Many of the altered rocks are traversed by small macroscopic and 
miscrscopic veinlets of adularia, quarts, and yellowish chalcedonic 
or opaline silica, ranging down to less than one-eighth of an inch 
in width. In some veinlets the filling seems to be exclusively adu- 
laria. The veinlets are usually closed, l)ut some are bipartite and are 
composed of two sets or sheets of adularia crystals, one set frozen 
end on to either wall, with the opposite ends abutting and inter- 
locking with those of the other set. More generally, however, the 
veinlet is composed of a single set of crystals, each of which extends, 
usually obliquely, from wall to wall. 

OBEMIOAL GOMPOamON. 

» 

The determination by the microscope of these rocks as rhyolites 
is confirmed by the accompanying chemical analysis (A) of a rela- 
tively fresh and characteristic specimen of the normal rock obtained 
in the South Hilltop tunnel 75 feet from the portal. This tunnel is 
located at the upper end of the town of Jarbidge west of the river. 
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No. 3S, old rhyoUte, Jarbrldce diatiict. Oeorce Steitser, analyst. 

B. Specfanai No. 1M» FortieUi Parallel Surm, trplMl rhyottto, Mopiag UUlo. Hmnboldt GooDty, Nor. 
G; D. Spiiriinflnii Noa. 1 and 57, yoang rtiyolite, Jarbidge district. Ooorse Stelser, analyst 

The rock of analysis A is the old (ore-bearing) rhyolite. It is a 
fine-grained, purple-gray, slightly porphyritic rock with a glassy fel- 
sitic to microcrystalline spherulitic groundmass and small, irregular 
phenocrysts of reddish or pale wine-colored glassy quartz and dull, 
inconspicuous weathered kaolinized and sericitized orthoclase. It 
is closely banded with fluidal structure and contains sparingly small 
elongated macroscopic and microscopic druses and paraUel veinlets or 
stringers of apparently secondary quartz, in association with which 
is developed considerable pyrite. Pyrite in small macroscopic and 
microscopic cubes and grains is likewise disseminated throughout the 
groundmass, as is also considerable fine hematite or ferritic materiaL 
Magnetite and apatite are present as accessories. 

The analysis compares well with those of the typical rhyolites of 
the Fortieth Parallel Survey. Of the 10 analyses of rhyolites given 
ID the report of that survey, volume 1, opposite page 652, and rang- 
ing from 68.84 to 77 per cent in silica, only two exceed this one in 
amount of silica, and those only by 0.23 and 0.03 per cent 

Comparison with the analyses tabulated by H. S. Washington^ 
shows that it is remarkably low in sodium and belongs to an unnamed 
order of a perpotassic subrang, represented by only one analysis. It 
is evident, however, that in spite of the fresh appearance there has 
been much alteration which would have a tendency to increase 
the percentage of silica and potassium and to reduce that of sodium. 
Analysis B is the most siliceous of the analyses of typical rhyo- 
lites given in the report of the Fortieth Parallel Survey and is here 
coiMtd for purposes of campariscm. It represents a rock specimen 
(No. 166) from the Mopung Hills in western Humboldt County, 
Nev., which, to judge from the description given, is very similar to 
the Jarbidge rock No. 83 (analysis A). The analyses show a very 

^ Prot Paper U. 8. Geol. Surrey No. 14, 1903, p. 126. 
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close agreement between these two rocks in their most abundant con- 
stituents, silica, alumina, and potash. 

Analyses C and D are of the rim rock or young rhyolite. C is a 
partial analysis of rock specimen No. 1, obtained near the wireless- 
telegraph station on Telegraph Ridge, 1 mile northwest of Jarbidge. 
It is a purple or dark reddish-brown aphanitic vesicular lithoidal 
rock, with small macroscopic drawn vesicles forming part of the 
general closely banded fluidal structure. Under the microscope it 
is seen to consist essentially of a brownish to greenish gray, semi- 
opaque felsitic glass, with spherulitic and axiolitic structure, most 
of which is not resolvable with the lightest-power objective. This 
groundmass, however, is very uniformly interrupted, to the amount 
of about one-third the area of the slide, by crudely circular areas 
of tridymite in its characteristic forms, which seems to be also plen- 
tifully present throughout the groundmass. The rock contains as 
small crystals, or rather fragments of crystals, a little orthoclase, a 
very little plagioclase which gives tests corresponding to oligoclase, a 
little biotite, altered hornblende seemingly derived from augite, a very 
little quartz, and considerable hematite, which is especially promi- 
nent about tlie peripheries of the tridymite areas. 

Analysis D represents rock specimen No. 57, from the northeastern 
part of the district, about a mile southeast of Robinson Hole^ where 
the trail in leading up out of the Robinson Creek canyon reaches the 
top of the rim rock and the edge of the plain on the east. This is a 
medium-grained black rock of vitreous luster resembling pitchstone. 
It consists essentially of dark-gray microlitic glass, charged with 
feldspathic and augitic (?) microlites, the whole showing very per- 
fect fluidal banding, with subordinate areas of spherulitic structures. 
Resting in the glassy groundmass are a few small crystals or frag- 
ments of crystals of orthoclase, sanidine, a little biotite and augite, 
the latter mostly altered to hornblende, and a little plagioclase (oligo- 
clase-andesine). Magnetite, hematite, and limonite are also present 

TOmrO RHTOLITES (PLIOOEVEt). 
OCCURRENCE AND DISTRIBUTION. 

After a considerable time interval of volcanic quiescence and 
vigorous subaerial erosion, the young rhyolitic lavas were poured out 
from essentiaUy the same vents as the old lavas. They covered the 
deeply eroded surface of the old rhyolites, and the marked unc<Mi- 
formity between the two formations is plainly seen in the northern 
and western parts of the district. (See PI. It.) Here they form 
a gently outward-sloping piedmont plain which, extending beyond 
the district, merges into the flat-lying Snake River plain on the north 
and reaches the foot of Elk Mountain, 10 miles distant, on the east 
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Other vents were probably situated in this latter direction. The 
rhyolitic lavas seem also to have a wide extent to the southeast and 
south, on the headwaters of Salmon and Marys rivers, respectively. 
These lavas were poured out at greater elevations than the old 
lavas; they were also more liquid and, being erupted in successive 
homogeneous flows that lay conformably one upon another, they 
spread widely and reflooded the entire district more extensively than 
the old lavas, though not so deeply, and gave to the Jarbidge Moun- 
tains roughly the form of a huge east- west dome. On the outskirts of 
the district they rest in places upon the old eroded floor of Paleozoic 
rocks, as in the northwestern part of the district and adjoining terri- 
tory. Within the district they are best exposed on the north and 
east, where the eroded edges of their flows that terminate the sur- 
rounding plain form the inward-facing scarp or rim rock, bounding 
Jack Creek vaUey on the north and East Fork on the east. 

In the valleys and low places the lavas attained a considerable 
thickness, probably almost 2,000 feet, as may be inferred in the 
vicinity of the junction of Jack Creek with Jarbidge River, where 
they still show a section of more than a thousand feet At the sum- 
mit of the dome and the rim of the crater, however, by reason of 
their fluidity and the steeper slopes, their thickness probably did not 
much exceed a few hundred feet^ 

Owing to the unevenness of the floor on which the lavas rest and to 
later erosion, their contact with the underlying old lavas is very 
irregular, as shown on the map (PL 11, p. 12), in the northern part 
of the district, particularly from Jack Hole westward. After cross- 
ing Jack Mountain near the wagon road, the line descends westward 
into Jarbidge Valley to appoint near the forest station and about 
400 feet above the river; this figure approximately expresses the 
depth to which the river has at this point sunk its channel into the 
old underlying lavas during the present period of erosion. Here the 
contact line is sharply deflected to the north and crosses the river at 
a sharp angle about a mile farther downstream, near the 5,800-foot 
contour, whence it bends back on the opposite side and crosses Tele- 
graph Bidge 2 miles to the southwest, at an elevation of about 7,500 
feet, between the Elko wagon-road pass and the wireless-telegraph 
station, which stands upon this rock north of the contact. 

The young rhyolites occur mainly in homogeneous fine-grained 
flows conformably superimposed one upon another and dipping 
giQitly away from the mountains in quaquaversal manner. They 
are as a rule closely though in places dimly banded by fluxion struc- 
ture parallel with the flows and are practically free from volcanic 
ejecta. In color they are prevailingly dull reddish purple and red- 
dish brown, but they contain also locally intercalated sheets of finely 
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tuffaceous and vesicular phase which are drab, dull greenish, and 
glassy black. 

In places they are very gently folded and slightly faulted, but 
compared with the old underlying lavas they have been on the whole 
not much disturbed or deformed. So far as observed none of the 
dikes, veins, or fissures so freely traversing the old lavas occur in 
these rocks. 

MACBOSCOPIC CHABACTEB. 

These rocks are lithoidal. They contrast strongly with the old 
rhyolites above described, having a much more basic appearance. 
To the local prospectors and mining engineers they are known as 
basalt. In a few places they are medium grained or moderately 
porphyritic. They consist almost whoUy of a dark-reddish or 
brownish-purple aphanitic groundmass, which usually is more or 
less closely banded by flow structure and grained and streaked by 
drawn vesicles, some of them minute. Macroscopic minerals are 
usually absent and if present are so few and small as to form a 
negligible percentage of the rock. They occur as mostly glassy laths 
or needles and short prisms of plagioclase and a little orthoclase, 
ranging from mere specks to scarcely 0.1 inch in maximum diameter. 
Visible quartz is usually lacking. In the glassy pitchstone tuffaceous 
phase, however, which seems to occur mainly in the upper part of 
the section, the rock has a medium-grained appearance and may con- 
tain feldspar phenocrysts 0.2 inch in maximum diameter. The rock 
has a more or l^s conchoidal fracture and weathers to a purplish or 
dark reddish-brown color due mainly to oxidation of its iron content. 

MICBOSCOPIC CHABACTEB. 

Under the microscope the rock is seen to consist mainly of a pale 
greenish-gray to brownish semiopaque groundmass ranging from 
vitreous to felsitic or, in exceptional cases, microcrystalline. The 
groundmass contains, besides microlites of feldspar, quartz, and 
augite, dark and more or less opaque cuneiform and variously shaped 
grains and dust of f erritic minerals. It is generally characterized by 
closely banded and woody-grained flow structure, in places developed 
to a high degree of perfection, the flow lines curving beautifully 
around phenocrysts that dam their courses. 

The continuity of the groundmass is interrupted by more or less 
equally spaced small, crudely circular or elongated, axiolitic, nearly 
transparent areas occupied by tridymite. In some slides th^e areas 
are perfect spherulites; here and there the macroscopic structure 
becomes spherulitic with visible tridymite. The tridymite occurs 
mainly in crudely fan-shaped crystalline aggregates of tilelike, feebly 
polarizing forms. Tridymite probably constitutes the greater portion 
of the rock ; this conclusion is confirmed by partial chemical analysis 
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(C, p. 41) of a characteristic specimen of the rock from Tel^raph 
Hidge 1 nule west of Jarbidge. 

According to Rosenbnsch^ tridymite is a commcm constituent of 
rhyolite. Zirkel,* however, states that in the rhyolites of the 
Fortieth Parallel Survey tridymite is of rare occurrence, and adds 
that— 

This may in some way be consequent upon the great quantity of quartz 
present in most of these varieties ; for it has been stated, as a result of observa- 
tions of European rocks, that an abundant secretion of quarts is unfiavorable 
to the fonnation of tridymite in the same roclc 

With these observations the rhyolites of the Jarbidge district seem 
to be in full accord, for in the old rhyolites, which, as has been shown, 
are rich in normal quartz, no tridymite was found, while in the 
young rhyolites, which contain little or no quartz, tridjmiite seems 
to be the chief constituent of the rock. 

Associated with the tridymite, usually toward the periphery of 
each area, is considerable hematite, which seems to be primary. It 
occurs in deep-red plates and in the groundmass in irregular smaller 
forms, grains, and dust, and seems to be the ingredient which imparts 
to the rocks their reddish or purplish color. Associated with the 
hematite as an alteration product and clouding the groundmass in 
places is also much brownish limonite. 

Besting in the groundmass, from 6 to 12 millimeters apart, occur 
a few small incomplete phenociysts or more commonly fragments 
of crystals of feldspar and quartz and rarely biotite, hornblende, or 
augite. The quartz tends to be rounded in outline; the feldspar, 
which is mainly plagioclase, with a less amount of orthoclase, is 
mostly in angular broken fragments. 

Small feldspars of an earlier generation and some magnetite occur 
as inclusions in both the feldspar and the quartz phenocrysts, but 
the more common inclusions are those of the greenish and brownish 
glassy groundmass, which also penetrates the phenocrysts as tongues 
and embayments. A crystal of augite partly inclosed by orthoclase 
shows the former mineral to have been formed before the latter. 

The plagioclase is mostly oligodase-andesine. Magnetite is pres- 
ent as large and small grains, mostly in association with hornblende 
and augite. Other accessory minerals observed are apatite and zircon. 

Some of these rocks contain a little pyrite, which is probably sec- 
ondary, but they show practically none of the metasomatic or propy- 
litic alteration occurring in the old rhyolite. 

In the table on page 41 the partial chemical analysis (C) of a 
characteristic specimen of these young rhyolites, collected from Tele- 

^ Roflcnbnscb, H., Microscoplctl physiography af the rock-mmkins mineimlB (tr. bj J. P. 
Iddlngi). 3d ed.. p. 177. 
'ZIrfeel, F.. U. S. Geol. ExpL 40tb Par., vol. 6. 1876» ^ 202, 
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graph Ridge, about a mile southwest of Jarbidge, and containing 
very little quartz, shows a remarkably hi^ percentage of silica for 
a rock of so basic an appearance — ^less than 1.5 per cent lower than 
that in the analysis (A) of the old rhyolite, which is shown to be 
rich in quartz. Analysis C also shows that the silica must be con- 
tained almost entirely in the groundmass, either as tridymite or in 
some other form. In lime, soda, and potash content it stands close 
to analyses A and B and i^ows that in composition the rock on the 
whole is normal rhyolite. 

The partial analysis (D) of a specimen of the glassy ^itchstone 
black rock from the top of the piedmont rim rock in the northeast- 
em part of the district, which is the most basic rock encountered in 
the region and which, carrying considerable augite, under the micro- 
scope presents the appearance of quartz-bearing andesite, shows this 
basic phase of the rock to contain 71 per cent of silica, which is more 
than 2 per cent above the lowest and only a few per cent below the 
average of the rhyolites of the Fortieth Parallel Survey. 

AGS or THX YOLOAVIO BOOKS.' 

Formations of known age fixing closely the age of the Tertiary 
rocks above described do not occur in the Jarbidge district. Accord- 
ing to King,^ the rhyolites of the Fortieth Parallel Survey in Nevada 
are post-Miocene and their earliest eruption is contemporaneous with 
the first Pliocene beds. King says: 

The extravasation of rhyolites was a feature of the orographical disturbance 
which followed the dislocation of the Miocene rocks, and the earliest accumu- 
lations of Pliocene contain products of the first rhyolitic eruption. In many 
places, however, notably northeastern Nevada, the outpourings of rhyolite con- 
tinued well into the Pliocene period, and a vast amount of the Humboldt Plioc^ie 
of that region is made of the acidic ejecta of the rhyolitic period laid down in 
the fresh-water lakes as local tuff beds. ♦ ♦ ♦ Rhyolitic eruptives were 
characteristic of the opening of the Pliocene and eztoided over perhaps the 
first third of the Pliocene epoch. 

From similar evidence — ^rhyolitic ejecta, etc., ccmtained in lake 
beds — furnished by later and more detailed work in the area to the 
southwest, Emmons' concludes that the rhyolitic eruptions prob- 
ably began in early Miocene time and continued through the Plio- 
cene. The rhyolites that deeply flooded the Owyhee Mountains in 
the region about Silver City, Idaho, are referred by Lindgren' to 
the Miocene epoch and regarded as being erupted simultaneously 
with the great flows of the Columbia River basalt. Their deforma- 
tional features, faulting, fissures, and ore deposits are similar to 
those of the older lavas in the Jarbidge district. 

*Klng. Clarence, V. S. Oeol. Expl. 40th Par., vol. 1. 1878. p. 606. 

* Emmons, W. H., Bull. U. S. Geol. Survey No. 408, 1910, p. 3S. 

* Lindgren, Waldemar, Twentietb Ann. Rept U. S. Geol. Survey, pt. 3. 1900, p. 116, 
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As the Mount Bennett rhyolite of Russell ^ in the region near 
Mountain Home, Idaho, bears similar relations to the lavas of Snake 
RiTcr to those borne by the rhyolites of the Silver City region, and as 
it resembles and is correlated by Bnssell with the rhyolite under- 
lying the Snake Biver plains, as exposed at Shoshone Falls, which 
King,* under the name of trachyte, refers to the Miocene, it seems 
probable that the rhyolites of Mount Bennett and Shoshone Falls are 
of the same age as those of the Silver City region and are probably 
Miocene. Therefore, to judge from the rhyolites in the surrounding 
regions, it seems probable that the riiyolites of the Jarbidge district 
range from Miocene well into the Pliocene. The older rhyolites are 
r^arded as late Miocene and the younger ryholites as near middle 
Pliocene and possibly later. 

It is very likely that field work ext^ided either to the lake beds 
of the Snake Biver plains on the north or to the Humboldt forma- 
tion in the Great Basin on the south will determine definitely the age 
of these lavas, especially of the younger series. 

MINERAIi DEPOSITS. 

The Jarbidge district shows at least two distinct periods of min- 
eralization. The deposits here described occur in two sharply con- 
trasted groups that differ considerably in age — ^the early, occurring 
in or associated with the sedimentary and early granular intrusive 
rocks, and the late, occurring in the rhyolite. The former are 
probably Cretaceous and the latter are regarded as post-Miocene. 

EABLT DEPOSITS (C&ETACEOUS F). 

The older deposits occur in the sedimentary Paleozoic rocks and 
their associated early granular intrusives, granodiorite, etc., in the 
western part of the district and the adjoining region. They could 
not be reached by the writer in this work and are known mainly from 
oral accounts of mining men and prospectors. They are said to 
occur chiefly as tabular fissure veins containing gold, silver, copper, 
and lead in quartz gangue, but they probably include also contact- 
metamorphic and replacement deposits in the limestone, such as were 
observed in the Elk Mountain and Contact districts on the east and 
were also found by Enamons • in the area on the west, where they 
have associated with them a great variety of minerals, which are 
mostly metamorphic 

The deposits occur mostly near the contact between the Paleozoic 
sediments, especially quartzite and limestone, and the granular in- 

iBiMBeU. I. C, Bull. U. 8. Geol. Survey No. 199, 1902, p. 42. 
« King, Clarence, U. S. Geol Expl. 40th Par., vol. 1, pp. 192-193. 
•Snunons, W. H., Bull, U. 8. Geol. Surrey No. 408, 1910, pp. 40-41, 
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trusives, and both classes of these rocks are cat by the y^ns. They 
B&esm to have been formed by thermal solutions after the intrusion of 
the granite and granodiorite, which, as shown under ^ Geology,^ are 
regarded as of Cretaceous age. According to Sweetser^ the veins 
are numerous and small. They strike northeast and souttiwest and 
have produced sf»ne placers. 

These deposits, in part at least, have been known for sometime. 
They have received attention at the Cornwall, Copper, and Gold 
basins, mainly on the southwest, and at the Ta3rior pocket on the 
northwest, and some of th^n are said to be pnxnising, but owing to 
the high cost of transportation and increase in baseness of the ore 
with depth, extensive developments have not yet been undertaken. 
At the Cornwall Basin and Taylor pocket they occur chiefly in 
quartzite and limestone. 

LATE DEPOSITS (POST-XIOCESrE). 
OCCURRENCE AND DISTRIBUTION. 

The later and more important deposits, which led to the recent dis- 
covery of the Jarbidge district and are now attracting so much at- 
tion, occur chiefly as tabular, gold-bearing quartz fissure veins or 
lodes in the old rhyolite, with which, so far as this district is con- 
cerned, they are roughly coextensive. They are in general well de- 
fined, being more or less sharply separated from the country rock, 
and contain angular inclusicHis of rhyolite, sedimentary rocks, and 
seams of clay. Many of them have 1 to 8 inches of gouge on either 
wall. They seem very obviously to belong to the — 

important division of the propylitic veins, which were formed, in most casea, 
since the Miocene period. Among their characteristics is a peculiar alteration 
of the adjoining wall rock and a tendency to contain both gold and silver, the 
value of the latter being usually greater than that of the former. The moat 
prominent representative of this propylitic group is the Ck)m8tock lode, which 
is credited [1878] with a production of $368,000,000.' 

The veins are about 40 in number. They are associated with the 
Crater Eange or seat of volcanic eruption. They lie mainly between 
Jarbidge River and East Fork and are mostly comprised in a belt 
about 4 miles wide extending from Jack Creek on the north to the 
divide and the head of Jarbidge River, 7 miles distant, on the south. 
Most of them are on the lower slope and upper east slope of the 
Crater Range and in general they have a north-northwesterly strike, 
in places gently curved, and a nearly vertical dip, as shown in 
figure 2. 

1 Sweetser, N. W., Min. and Scl. Press, vol. 101, No. 27, p. 872. 
'Trails. Am. Inst. Min. Eng., vol. 33, 1902, p. 880. 
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They range from 1 to 20 feet or more in width and from less than 
1,000 feet to several miles in length. Their outcrops, many of which 
are bold, prcHninent reefs, rising in places 60 fe^ or more above the 
surface (see PI. VII), extend interruptedly from 6,000 to 10,800 feet 
in elevation and show a vertical range in some individual veins of 
nearly 2,000 feet. Deep shafts have not been sunk on these veins, but 
it seems very probable that most of them penetrate the underlying 
sedimentary and granitic rocks, like the veins in the Silver City-De 
Lamar district, Idaho, to which the Jarbidge district is geologically 
and mineralogically very similar.* 

The veins in general consist of two main systems or groups which, 
starting at the head of Jarbidge River and the junction of the Crater 
Bange with the Great "Basin l)ivide on the south, gradually diverge 
northward into the western or Jarbidge River group and the eastern 
or Crater group ; these groups, however, are not everywhere sharply 
differentiated. 

The veins of both groups occupy chiefly normal fault fissures, 
which seem to have been produced mainly by regional disturbances 
and in part by a sinking or parallel down-faulting of the axial por- 
tion of the range that followed the first period of eruption, in con- 
sequence of which the fissures on either side dip steeply in opposite 
directions into the range, the east group to the west and the west 
group to the east. The two groups converge downward, and it is 
probable that some of them meet or intersect in the deeply buried 
axial portion of the range. It seems also probable that in some 
places fissuring may have been aided by lateral contraction due to 
cooling of the heated lava mass. 

In the fissures produced by extensive regional faulting more or less 
regularity in strike, dip, and vein content is to be expected, but in 
those due to local postvolcanic sinking and adjustment of the range 
there should naturally be more variations, including probably in 
most cases change in dip at the contact of the lavas with the under- 
lying older rocks. 

WEST SYSTEM. 

The western edge of the mineral belt, comprising the veins of the 
west system, crosses Jarbidge River obliquely near the mouth of 
Bonanza Gulch and the Pavlak mine, whence it continues north- 
northwestward across the lower part of Bear Creek near the elbow 
nearly to Telegraph Ridge Pass. Half a mile northwest of Jarbidge 
it includes the Mahogany vein and to the south of this the ridge be- 
tween the lower part of Bear Creek and the river. 

This system of veins comprises the wider and more important de- 
posits, such as the Pavlak, Bourne, Buster, Pick and Shovel, and 

» Llndgren, Waldemar, The veins of Silver City and De Lamar» Idaho : Twentieth Ann. 
Bept. U. S. Geol. Survey, pt. 3, 1900, 107-189. 
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A. BUSTER VEIN OUTCROP. 

Shown as bold, 6^rk, dikelike wall ascending slope of mineralized bell. From Park lease, at elevation of 
6.400 feet, looking N. 30° E. across Jarbidge Valley. 



B. PICK AND SHOVEL MINE AND OUTCROP OF PICK AND SHOVEL VEIN. 
From tho west (normal ) slope of the Crater Range, at elevation of 7.400 feet, look.ng N. 8° W. 
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Bluster, on which the most ext^isive development work in the dis- 
trict has been done. These veins lie mostly between elevations of 
6,000 and 8,000 feet, at a considerably lower geologic horizon than 
the veins of the Crater group. They also contain the most prominent 
croppings in the district. They are nearly all easily reached by 
wagon road or trail from the Jarbidge River valley. As shown in 
figure 2, they strike in general north-northwest and dip east into the 
mountains at angles of abont 80^. They contain more brecciated 
material and their walls are more irregular, less sharply defined, 
and show more extensive propylitic alteration than the veins of the 
east system. 

The most important of these deposits are concentrated in a belt 
about a mile wide and 3 miles long, bounded on the west by Jarbidge 
Kiver and extending from Bourne Gulch on the north to Gorge 
Gulch on the south. 

BAST 8T8TBK. 

The east or Crater group of veins, represented at the time of visit 
mainly by the Van Alder and Howard-McCoy veins, occur on the 
upper east slope of the Crater Range, mostly between elevations of 
9,000 and 10,800 feet (the crest of the range). They extend from 
Jack Creek on the north more or less throughout the series of " cra- 
ters" or glacial cirques and their intervening ridges, nearly to the 
Great Basin divide on the south, a distance of about 7 miles. They 
are best reached by way of the Jack Creek and East Fork valleys or 
by going across the divide from the head of Jarbidge River. 

These veins in most respects contrast strongly with those of the 
west system. As shown in figure 2, they have a more nearly north- 
south strike than the western veins, and they dip about 80® W., into 
the mountain, in opposite direction to the dip of the veins of the west 
system. Their outcrops, which are usually inconspicuous, show a ver- 
tical range of more than 4,000 feet. So far as their present exposures 
are concerned they mostly occur at geologic horizons nearly 2,000 
feet higher than the western veins. They are narrower, being usually 
from 1 to 4 feet in width, and are more persistent horizontally, some 
being said to have a length of 3 miles and to extend interruptedly for 
6 or 7 miles. They are more sharply defined, with clean-cut walls, 
and they are closely, definitely, and in places beautifully banded. 

These veins occupy mainly normal fissures produced seemingly in 
part by subsidence or down-faulting of the axial mass of the range, 
with which they are nearly parallel. The walls are free, and the 
footwall generally carries from 1 to 8 inches of clayey " talcose " 
gouge. The bands within many of the veins are separated by thin 
seams of gouge, which appears to be of shale or slate origin. 
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CROSS SYSTEM. 

Besides the two main systems above described there is also a sub- 
ordinate system whose veins strike northeasterly, almost at right 
angles to the two main systems. This third system, which for con- 
venience may be referred to as the Buster or cross system, is repre- 
sented along Jarbidge River by the Buster and Amazon veins, on the 
north by the so-called cross veins of Jack Creek, and on the south, 
toward the head of Jarbidge River, by the Jasper, Wonder, High Up, 
and Little Mud veins. (See fig. 2.) 

STRUCTURE AND COMPOSITION OF THE VEINS. 

The minerals of these deposits are adularia, apatite, argentite, cal- 
cite, chalcedony, chlorite, epidote ( ?), fluorite, gold, gold-silver alloy, 
hematite, hyalite, kaolin, limonite, manganese oxide, marcasite, mus- 
covite, opaline silica, orthoclase, pyrite, quartz, sericite, silver, silver 
gold alloyj and talc. 

The veins are composed mainly of a characteristically laminated 
pseudcMnorphic milk-white quartz-adularia gangue, which in the 
croppings and surface workings is usually stained reddish brown to 
blackish and yellowish by iron and manganese oxidation products. 
Some of them, as the Pavlak and the Pick and Shovel, also contain 
considerable fault breccia or fragments of silicified rhyolite country 
rock, fragments and seams of the underlying shale, slate, or quartzite, 
and seams or stringers of talc, from all of which it is inferred that 
more or less faulting or movement accompanied and followed the 
Assuring and subsequent veining. Some veins also contain small or 
minute parallel dikelets that were injected after the veins were 
formed, as shown in the Van Alder mine of the Crater or east system. 
These dikelets are probably contemporaneous in age with the dikes 
of the first period described under "Geology" (p. 33), whose age, 
however, relatively to the veins, has not yet been determined. In 
the quartz-adularia gangue quartz is on the whole the dominant 
mineral, but it is seemingly in all the veins more or less profusely 
intergrown with adularia^ and in some veins the adularia, although 
not macroscopically prominent, greatly exceeds the quartz and con- 
stitutes the bulk of the vein. Specimens examined from the west 
group of veins show from 10 to 60 per cent of adularia, and from the 
Crater group as high as 90 per cent. 

Adularia is a variety of orthoclase free from sodium, semitrans- 
lucent, and with characteristic crystal form. It was first discovered 
in the western United States by Lindgren in the veins of Silver City 
and De Lamar, Idaho, in 1897, since when it has been recognized at 
several other places, notably at Tonopah by J. E. Spurr, in south- 
eastern Nevada at the Gold Springs district, and in adjoining pa^rts 
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of Utah by B. S. Butler, and in the Black Mountains of Mohave 
County, Ariz., by the present writer. Its abundance in some of the 
Jarbidge veins is of unusual interest, especially as quartz is looked 
upon as the ordinary if not universal gangue mineral of auriferous 
veins. As explained on page 54^ the amount of adularia present and 
the manner of its occurrence are best shown under the microscope. 

The following is an analysis of a general sample of the ore from 
the Bourne mine: 

Analysis of ore from Bourne nUne, 

[George Steiger, analyst.] 

sic 72. 28 

Na,0 .20 

KaO 11. 84 

From this analysis and from the composition of adularia as given 
in Dana's '^ System of mineralogy " it is calculated that the amount 
of adularia present in the Bourne ore is 70.65 per cent The rest of 
the ore consists of 13.67 per cent of free silica and 16.68 per cent of 
undetermined constituents, presumably for the most part alumina 
and other impurities. Except that it shows about twice the amount 
of potash the analysis is markedly similar to that of the country- 
rock rhyolite given on page 41 (analysis C). 

Comparison of the microscopic sections of this ore with sections 
from the Crater veins indicates that much of the Crater ore probably 
contains more than 90 per cent of adularia and about 15 per cent of 
potash and will compare favorably with the two following analyses 
of selected specimens of adularia : 

Analysis of adularia from the Black Jack mine, Silver City, Idaho} 

[W. F. Hillebrand, analyst.] 

Smea (SiO,) 66.28 

Alumina (A1,0.) 17.93 

Potassa (K,0) 16.12 

Soda (Na«0) 25 

Undetermined .42 

100.00 
Specific gravity 2. 54 

Determination of alkalies in adularia from the Trade Dollar mine. Silver City, 

Idaho} 

[George Steiger, analyst] 

KjO 14.95 

Na,0 . 20 

^Lindgren, Waldemar, The gold and silver veins of Silver City, De Lamar, and other 
mining districU in Idaho : Twentieth Ann. Bept. U. S. Geol. Survey, pt 3, 1900, p. 167. 
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A striking feature of the Jarbidge gangue is its characteristically 
laminated or platy and bladed structure, in which innumerable con- 
tiguous or connecting laminee or plates are variously arranged. This 
material is aptly termed by the miner '^ fish-scale quartz,'' from the 
adjacent plates partly overlapping one another. (See Plate VIII.) 

Much of the pseudomorphic platy and oellular structure seems to 
be due to silicification and replacem^it of calcite. This replacement 
begins along the cleavage planes of the primary calcite. 

The plates range from minute size up to nearly an inch in diameter 
and from the thickness of a knife blade to that of ordinary paste- 
board. They are mostly triangular in outline and form tetrahedral 
or polyhedral cavities (PL VIII). They are composed of fine- 
grained quartz and adularia. Usually each plate is bipartite or 
composed of two dissimilar-sided halves smoothly placed back to 
back against each other along a very fine median seam, from which 
as a starting plane the formation or mineral growth of each half pro- 
ceeded outward. Each half shows one or more, usually several, 
layers of mineral growth, and the outer or last growth incrusts or 
faces the plate with a sheet of small comby quartz and adularia crys- 
tals. The seams along which the growth and development of the 
plates began appear to represent the cleavage planes of some former 
mineral, probably calcite, which the present gangue has replaced. 
In the honeycombed or cellular structure these plates, meeting one 
another at different angles, form small variously shaped polyhedral 
druses. 

Depending on their form and mode of arrangement the plates give 
rise to solid angles and polyhedrons of many shapes and radial or 
fan-shaped and other pseudomorphic forms. The structures range 
from porous and cellular on a large scale to fine, closed, and filled or 
solid. The plates are marginally cemented together by material like 
that of which they are composed. In the closed forms this material 
constitutes a matrix in which the structures rest, and in places it 
passes laterally into fine or medium grained seemingly solid quartz- 
adularia gangue, in which only dim traces of the obliterated plates 
or structures remain. 

Associated with the quartz and adularia in the gangue, notable in 
the veins of the west system, is also considerable fluorite, which seems 
to occur as a later filling. There is also some sericite, which, how- 
ever, is mostly microscopic. 

Only under the microscope does the proportion of quartz to adu- 
laria become apparent. Here the adularia may be differentiated 
from the quartz in subdued light and by its lower index of refraction. 
It occurs in individual crystals and grains intergrown with the 
quartz and only rarely shows cleavage. 
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PSEUDOMORPHIC QUARTZ AND ADULARIA AFTER CALCITE. 
From Bourne mine. Characteristic of the veins and ores of the Jarbidge district. 
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Tbe crystals occur in sevend forms, of which the most plentiful 
and ciiaracteristic seem to be snudL, thin tabular rhombic plates. 
Cuneiform and elongated or acicular crystals are also present, vari- 
ottdy intergrown with the quartz. In one specimen from the Bourne 
mine the adularia is so fine grained that it seems to be amorphous or 
massive, being analogous to vain quartz or glass. Some cnrstals occur 
in Carlsbad twins. Some show zonal structure and some show the 
wavy extinction diaracteristic of vein quartz. 

The peMidomorphic replacement structures of the quartz-adularia 
gangue are on the whole very interesting and complicated, and some 
of them are microscopically reproduced in Plate IX. The quartz and 
adularia are intimately intergrown with each other; the crystals and 
grains are arranged in various patterns, mosaic fashion, and show 
in places three gentfations of mineral growth, ranging from material 
with crystals one-fourth inch in maximum diameter to microcrystal- 
line or even cryptocrystalline materiaL Some of the larger crystals, 
particularly those of adularia, seem to lie almost as phenocrysts in a 
groundmass of much finer microcrystalline to cryptocrystalline quartz 
and adularia. Scwne large crystals of adularia are replaced by the 
granular intergrowths of later adularia and quartz, the adularia 
being in anall rhombic plates, prisms, and grains. 

As seen in thin section the dominant structure is the general dispo- 
sition of the minerals in sectors or long fan-shaped areas, each area 
being composed of a number of similar subareas, with the minerals in 
general arranged leaflike at right angles to the radii or stems and in 
places forming well-defined comb structure. Some thin sections of 
the ore show also microscopic, mostly elongated druses which are 
wholly or in part filled with a much finer growth of adularia than 
that forming the periphery, the fineness of grain conunonly increasing 
from the periphery inward. Some druses are surrounded by as many 
as six more or less distinct bands of alternating coarse and fine 
gangue, with the crystals of the bands in part interlocking. Some 
druses are in part lined with the very fine gniined materia] of the 
gangue; in others relatively coarse crystals, particularly of adularia, 
project irregularly into the druse cavities and produce a very jagged, 
saw-toothed lining. 

Considerable sericite, occurring mostly in aggregates and here and 
there in rosettes, is finely disseminated throughout some thin sec- 
tions and occurs in some of the druses. Thin sections from the veins 
of the west system contain also considerable fluorite, which occurs 
mostly in the form of a late filling occupying the interstices, some of 
them large, between the principal gangue minerals. The persistent 
and plentiful association of sericite with the fluorite wherever the 
latter mineral is present is remarkable and not satisfactorily ac- 
counted for at present 
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Disseminated generally throughout the thin sections, particularly 
in ores from the oxidized zones, occurs also considerable hematite as 
grains and dust probably derived from the oxidation of pyrite. 
Owing to the generally porous character of the gangue and plentiful 
supply of the percolating surface waters, this oxidation probably ex- 
tends to considerable depths. The gangue contains also, mainly as 
filling, considerable gold and silver, the m^^ls of the camp, described 
in detail further on. The gangue ranges from fine to coarse and from 
soft and friable to hard and siliceous, but owing to 'the prevalence of 
the pseudomorphic cellular structures the ore of th^ district on the 
whole is fragile and can be easily crushed and milled. It is of coarser 
texture and harder in the veins of the west grstem, where silicification 
has been more extensive. Here the veins are as a rule coarsely and 
crudely banded or massive, and the laminated gangue occurs largely 
in bowldery bunches up to several feet in diameter, which, however, 
are easily crushed. These veins also contain in places considerable 
fault breccia or fragments of silicified rhyolite country rock, from 
which it is inferred that more or less faulting accompanied the fis- 
suring and subsequent vein formation. From the association of this 
silicified rhyolite the veins are often called '^ dikes." 

Some veins, of which the Pick and Shovel is a good example, also 
contain fragments and seams of siliceous pale-greenish and blackish 
shale or slate derived from the underlying sedimentary rodcs, and 
some contain minute parallel dikelets of rhyolite scarcely larger than 
a seam. 

In places the walls of the western veins are irregular and ragged, 
or less sharply defined than in the veins of the east system, and show 
the most extensive propylitic alteration of the wall rock' to be found 
in the district. Here also occur the bold croppings. Many of the 
outcrops are prominent reefe of the characteristically laminated 
quartz and adularia gangue and silicified rhyolite. They are com- 
monly stained yellowish to reddish brown and blackish by iron and 
manganese. 

In the eastern veins the gangue is composed of the same minerals 
(laminated quartz and adularia) as in the western veins, but in re- 
verse proportions, the adularia here being the dominant mineral and 
constituting in the specimens examined 80 to 90 per cent of the 
vein. Though the same pseudomorphic structures are present in 
these veins as in those of the west group, they are less pronounced 
and the textures are relatively fine grained. The veins are closely 
and definitely ribboned and comby, the bands being in places sepa- 
rated by thin dikelets of rhyolite and by slate-colored partings. 
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PHOTOMICROGRAPH OF PSEUDOMORPHIC QUARTZ AND ADULARIA AFTER CALCITE. 

From Pick and Shovel mine, 100-foot level. Example of the ceMular, drusy, radiji, and bladed structures 
characteristicofthejarbidge veins. Magnified 25 diameters. 
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OCCURRENCE OF THE GOLD. 

Both the croppings and the gangue in the veins show macroscopic 
free gold, the principal metal of the camp, which may be obtained by 
panning the crudely crushed material, the first means employed by 
the prospector in testing the groimd. Good ground usually yields a 
long string of fine bright colors of gold in the pan, and rock in which 
the metal occurs in workable amoimt constitutes ore. 

With the gold in the veins is associated also silver, which occurs 
chiefly as argentite (silver sulphide, AgjS; see PI. X), as an alloy 
with the gold, and probably also in other forms. The quantity of 
silver is usually small, amounting to only 2 ounces or so to the ton of 
ore, but in some ore as much as 90 ounces is reported. A few op- 
erators also report tellurides, such as petzit^, with the richer ore, but 
the presence of these minerals is not known to have been verified. 

In its widest distribution the gold shows as small bodies or specks, 
but parallel areas or slabs of the gangue, some of them larger than a 
man's hand, are continuously coated or plated with gold as thick as a 
knife blade. In other places large areas are incrusted with blebs of 
iron-stained quartz, freely sprinkled with specks of gold. (See PL 
XI, A.) 

Most of the gold, however, is finely divided and not macroscopi- 
cally visible. It ranges from particles the size of a pinhead down to 
minute specks, in which form, usually associated with dark patches 
or specks of argentite and hematite and probably some 'other silver- 
bearing mineral (PI. X), it constitutes ore more or less throughout 
tb% vein. In most of the veins, however, it is concentrated in streaks 
or pay shoots associated wiih fine dark streaks of silver sulphide 
and iron. The values range from low to very high, the shipping ore 
of some veins being worth $600 to $1,000 a ton. The Bluster vein, 
5 feet in width at the point reached at the time of visit, was sampled 
by several persons independently and said by each to average $60 a 
ton all the way across. 

Another conmion form of occurrence of the gold, as shown on the 
Pavlak property, is in nodules or reniform lumps formed by more 
or less finely banded concretionary growths of the gangue, usually 
round an inclosed fragment of rhyolite which is generally corroded 
and metasomatically altered, or around a fragment of slate, as illus- 
trated in part in Plate XI, B. In these kidney-shaped forms, which 
usually constitute very rich ore, the gold occurs mostly along the 
dark lines associated with the circular banding before described. 

Though the gold probably on the whole favors the quartz portion 
of the gangue where quartz is plentiful, in many places it seems to 



Digitized by CjOOQIC 



58 JABBIDGE MINING DISTRICT. 

occur independently in both quartz and adularia. Where these two 
gangue minerals are present in about equal amounts, as in the ores 
from the Bourne and the Pick and Shovel mines, the gold seems to 
occur in one mineral about as much as in the other, and in some of 
the veins of the Crater group composed almost entirely of adularia 
it occurs, of course, almost exclusively in the adularia. According 
to B. S. Butler,* in the Deer Lodge district, in southeastern Nevada, 
the yellowish adularia is regarded as the richest portion of the de- 
posits. 

With development work scarcely begun, it is too early to form an 
estimate of the average value of the ore for the district or even for 
individual veins. From the excellent surface showings, however, it 
seems certain that the values will compare favorably with those of 
similar ores in other districts — ^for instance, that of the De Lamar 
mine, Idaho, which averages $14 in gold and 4 ounces in silver to 
the ton.* This mine has been a more or less steady producer since 
the early sixties and by 1900 had produced about $10,000,000. 

The gold in the western veins is mostly of high grade; that of the 
Bluster mine, which has a deep yellow color, seems to be among the 
best and is said to run about $20 or more to the oimce. Li the east- 
ern veins, however, the gold is mostly light colored, contains much 
silver alloy, and runs only about $12 to the ounce. 

OBIGIN OF THE VEINS. 

From the omnipresence of the characteristically laminated and 
other pseudomorphic structures of quartz and adularia practically 
composing all the veins, and even the brandies and veinlets in the 
wall rock down to 0.1 inch in width, it seems certain that in the 
fissures occupied by the present veins there have been at least two 
distinct periods of mineralization. 

After the eruption and Assuring of the early rhyolites there fol- 
lowed a period of mineralization which filled the present fissures 
with material totally different from that which now occupies them. 
Just what minerals composed this first filling or what metals it may 
have contained are not definitely known, for so far as present devel- 
opments in the district extend, no trace o^ clue to them remains save 
the casts and forms shown in the pseudoanorphic qufirtz-adularia 
gangue above described. From a study of these forms in connection 
with cabinet specimens of calcite and barite and similar deposits in 
other fields, notably the Silver City and De Lamar, Idaho,' and the 

> Oral communication. 

< Llndgren, Waldemar, The gold and sllyer veins of Silver City and De Lamar, Idaho : 
Twentieth Ann. Kept U. 8. Geol. Survey, pt. 8, 1900, p. 116. 
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PLATE X. 

Photomickograph of gold ore. 

From Bourne mine. Shows character and manner of distribution of the gold 
(yellow) in the quartz-adularia gangue (gray) and its association with 
argentite (black), characteristic of the Jarbidge district. The white area 
represents a hole in the thin section. Magnified 105 diameters. 
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PHOTOMICROGRAPH OF GOLD ORE 
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PLATE XL 

Gold ores. 

A. ** Blistery ** phase, from Bluster mine. 

B, Nodular or kidney phase, from Pick and Shovel mine. Characteristic of c^* 

tain ores in the veins of the west £Qrstem, especially the Pavlak and others. 
The gold occurs mostly along the dark lines and seams crudely encircling 
the nodular nuclei of rhyolite or other rock. The nodule marked a is old 
rhyolite that has been so corroded and metasomatically altered around the 
periphery by the gangue solutions that the sharp contact line has been 
obliterated or resolved Into an ill-defined zone of transition between the 
vein gangue and the rhyolite. 
62 
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W. GOLD ORE, "BLISTERY" PHASE 

B. GOLD ORE, NODULAR OR KIDNEY PHASE 
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Gold Road and other districts in the Black Mountains, Arizona/ and 
with microscopic sections of ores from the Deer Lodge district and 
sumninding region in southeastern Nevada recently shown to the 
writer by B. S. Butler, it seems certain that the first minerals in the 
Jaibidge veins must have been calcite or barite, or possibly both, and 
pretty certainly not quartz. In the Black Mountain field propor- 
tionally large amounts of calcite still remain in partly replaced 
veins, and some large veins are still composed almost or entirely of 
seemingly original calcite. The secti<ms from Deer Lodge likewise 
show considerable calcite, which appears to be primary. The only 
trace, if such it be, of these primary minerals, found in the Jarbidge 
district is a very little calcite which occurs here and there, seemingly 
as secondary filling, in some thin sections of the altered rhyolite. 

The replacement of the primary minerals by the present gangue 
minerals, deposited first on the faces and cleavage planes of crystals 
and subsequently in cavities or druses, seems undoubtedly to have 
been accomplished through the agency of ascending hydrothermal 
solutions, as was first pointed out by Lindgren ■ for the deposits in 
the 8ilver CSty-De T^mar district, Idaho. Of the hydrothermal 
character of the deposition the Jarbidge veins afford plentiful evi- 
dences, among which may be mentioned the dikelets of the old lava 
magma, one-fourth inch or so in maximum width, filling parallel 
seams in the veins. The dikelets seemingly contribute nothing of 
value to the veins in which they occur nor do they in any wise affect 
them. Their manner of occurrence, however, in extremely attenu- 
ated tabular forms, together with their position at the very crest of 
the range, where the covering, when the veins were formed and the 
dikes injected, could not at most have much exceeded 2,000 feet in 
thickness, is regarded as significant in shedding light on the tem- 
perature that prevailed in the region at that time, for the injected 
magma that formed the dikelets must have been in an extremely 
fluidal, molten condition and possessed of great power of penetration, 
and this fluidity must have depended on high temperature, supplied 
from the plutonic seat of waning vrfcanism. Had the rock mass as a 
whole, the veins included, not been at a relatively high temperature, 
the progress of the magma between almost contiguous cool walls 
would have been quickly arrested by stiffening and congealment. 

From these facts it is inferred that for a considerable period after 
the eruption of the old lavas, the period in which the veins were de- 
posited the Jarbidge region maintained a relatively high though per- 
haps gradually descreasing temperature and the veins must therefore 
have been formed by ascending thermal solutions. These solutions 

^Mineral deposits of the Cerbat Range, Black Mountains, and Grand Wash Cliffs, Mo- 
bftTe Conntj, Arisosa : Ball. U. a Oeol. Sarvsy No. 397, 1900. 

'Undgren* Waldemar. The gold and sllyer reins of Silver City, De Lamar, and other 
■talng districts In Idaho: Twentieth Ann. Bept U. 8. Geol. Survey, pt. 3. 1900, pp. 
165-166. 
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brought in the metal values and probably contained several other 
minerals, but they were particularly charged with silica, potassium, 
and aluminum, and as they dissolved out the calcite of the original 
gangue, silica was precipitated and quartz intergrown with adularia 
was secreted in its place, largely as pseudomorphic quartz and adu- 
laria after the crystalline forms* or casts of the preexisting calcite, 
thus forming the present gangue. 

In connection with the hydrothermal origin of the veins, it may 
be also noted that, so far as learned, the nearest hot spring to the dis- 
trict at present is the Wilkins Hot Spring on the Wilkins ranch, in 
Idaho, where the Twin Falls and Jarbidge road crosses East Fork, 
about 10 miles northeast of Jarbidge and a mile north of the State 
line. 

The presence of dikes of rhyolite, particularly in the veins of the 
west group, suggests that some of the fissures now occupied by the 
veins may formerly have been occupied by dikes that have since been 
replaced, or that the fissures may have been reopened and vein mate- 
rial deposited on one or both sides of the dike, as indicated by some 
veins on the Pavlak property. Evidence in this direction, however, 
in the present stage of the field's development is not conclusive. A 
similar occurrence in the Eureka district, Nevada, is described by 
Curtis.^ 

The erroneous view that gold veins invariably become poorer with 
increase in depth is regarded by Lindgren as a misconception of the 
data involved. In describing the Ophir veins of California ■ he says : 

The veins may on the whole have been richer near the original surface, 
♦ ♦ ♦ but the occurrence of rich ore bodies at a depth of several thousand 
feet below the original surface certainly appears to indicate that the limit 
where gold was no longer deposited from its solutions has not by any means 
been reached in our present mines. 

Below the water level the ore may be expected to become richer in sul- 
phides, with probably a very material increase in silver and with the 
gold content mainly in the sulphides, but little if any of it being free. 

The exact depth at which the Jarbidge veins were formed is diflS- 
cult to say. It seems probable, however, that the veins now exposed 
in the upper part of the Jarbidge Mountains were formed at a depth 
of not more than 2,000 feet below the surface and the other deposits 
at perhaps a correspondingly greater depth. 

ALTERATION OF WALL BOCK. 

The coimtry rock, particularly in the walls adjacent to the veins 
and extending for a himdred or more feet away from them, has suf- 
fered more or less extensive and characteristic alt^ation, in which 

1 Curtis, J. 8., The sllTcr-lead deposits of Eureka, Nerada: Men, IT. 8. Geol. 8arT«y, 
vol. 7. 1884. pp. 90-106. 

• FoTirteentli Ann. Kept. U. 8. Geol. Survey, pt. 2, 1894, pp. 279-2§0. 
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the chief results have been devitrification and silicification of the 
normal rhyolite and in places the development of sericite in the feld- 
spars as well as of much pyrite throughout the rock. This process 
of alteration has left the texture and constituent minerals in an al- 
most perfect state of preservation and given to the silicified rock a 
fresh and unaltered appearance. Elsewhere the rock is completely 
replaced or changed into massize quartz or vein gangue in which 
all trace of the feldspars and other rock minerals has disappeared 
except the quartz phenocrysts, which by their wine color and other 
characteristics can be distinctly traced from the relatively little- 
altered rock over into the gangue, where they occupy the same rela- 
tive position to one another which they held in the original rock. 

Whether some of this rock alteration may not be due to solutions 
of the early or primary mineralization has not yet been determined. 
Indications that the alteration on the whole was probably accom- 
plished by the same solutions that replaced the veins are the absence 
of any sharp contact line between the present veins and the wall rock 
or between the vein and the inclusions of wall rock it may contain, 
as shown, for instance, in the specimen illustrated in Plate XI, B^ 
where the passage from the vein gangue to the rhyolite is merely an 
ill-defined transition zone of corrosion in which the rhyolite gradu- 
ally shades into the gangue, or vice versa. The rhyolite contains 
veinlets of quartz and adularia, which seem to be of the same age and 
to have been formed by the same solutions as the replacing gangue 
of the veins. 

Furthermore, in the east-group veins that are composed chiefly of 
adularia, denoting that the solutions that formed them were poor in 
silica, there is little, if any, alteration of the wall rock On the 
whole, the degree of alteration of the wall rock seems in general to 
bear a more or less direct ratio to the acidity of the neighboring veins. 

Although, as already noted, most of the veins probably penetrate 
the underlying sedimentary and granitic rocks, it is also probable, to 
judge from the nature of the veins and the character of the rhyolites 
and of the fissures in which they occur, that some of the harder of 
these underlying rocks, such as quartzite reefs, may, like the " iron 
dike " in the De Lamar district, Idaho, prove to be the downward 
limit of certain of the veins and, by acting as a barrier and damming 
back their metals, greatly concentrate their values on the upper sides, 
a feature which should be looked into by managers planning for ex- 
tensive operations. It seems also likely, as shown by Lindgren in the 
De Lamar district, Idaho, and already demonstrated to some extent 
in the Pavlak tunnel, that strong outcrops may dwindle in depth and 
that blind or new veins may be struck in underground work. 

In veins having so-called talc seams and ore bodies in association, 
this material should be examined for values, for " much of the hi^- 
11S40^— Bull 497—12 5 
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) developed by the De Lamar mine, Idaho, 
aracter and gave little evidence to the eye of i 
Id by some that all the Jarbidge deposits of pi 
D the small belt in which the outcrops or trace 
s occur east of the river, and some mining men 

deposits are in association with or near the q' ^ 
" on either side. These views are not warrant 
ns who have prospected the reef or " dike " repoi ^ 

no values found in it or in the quartz immec ^ 
th it, whereas in localities remote from the sedir^^ 
the north and on the south promising deposif^ 



.^' 



lie sedimentary rocks, so far as they contain 
id have come into contact with the gold-beari: 
> influenced the deposits is not to be doubted. T^ 
organic and carbonaceous material contained in 
id allied rocks on the precipitation of gold is ge 
nd examples of it in the Ballarat mines have be^^ 
rd ^ and in Victoria by Smyth.' But this infli^^' 
district, so far as present developments extend, w^ 
e the shale partings or seams were introduced subs 
•mation of the veins they could have had no influeric 
tion of the gold. 

DESCRIPTION OF PROPERTIES. 

ning properties of the Jarbidge district, sever 
consist as a rule of claim groups located on 1 
1 described, and on most of them work has be 
)n of the more important ones must suffice to ( 
neral idea of the district as a whole. Owing t 
np and the consequent incipient stage of develo 
^s to lack of information owing to absence o 
iptions will be necessarily brief. The proper 
ly among the surveyed claims, most of which, 
shown on the claim map (PI. XII) kindly 
airbanks & O'Byrne. Plate XIII, showing ab 
s, includes also unsurveyed claims and also 
I the veins of the east system. 

PBOPEBTIES ON THE WEST SYSTEM OP VE 

operties on which the most development work 
le veins of the west system. They comprise 

I, Waldemar, The gold and silver veins of Silver City, De 
lets in Idaho : Twentieth Ann. Rept. U. S. Geol. Survey, pt. 
T. A., Certain dissimilar occurrences of gold-bearing quart 
1. 4, 1893, pp. 323-^29. 
S. B., The gold fields and mineral districts of Victoria, Lon 
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PAVIAK MINE. 67 

Boume, Buster, Pick and Shovel, Bluster, and others. On but a 
few of them has more than 200 feet of work been done. They are 
mostly located east of Jarbidge River, on the west slope of the Crater 
Range, in a belt about 1^ miles wide and 5 miles long, extending from 
the town of Jarbidge southward to the head of the river. 

PAVLAK MINE. 
LOCATIOV. 

The Pavlak property, one of the earliest discoveries, is centrally 
situated and easy of access, on Jarbidge River about a mile above the 
town, between elevations of approximately 6,400 and 7,000 feet. It 
was located by Michael Pavlak, a leading pioneer of the camp and 
one of the present proprietors, late in 1909. It is owned by the 
Jarbidge-Pavlak Mining Co. and is operated principally by lessees. 
It consists of a group of about seven claims conmionly Imown as the 
Arizona group, comprising the Arizona Nos. 1, 2, 3, and 4, the Ama- 
zon, the Taft, and the Rainbow Fraction. As shown in Plate XII, 
the claims extend for more than 6,000 feet, mainly along the Pavlak 
vein, in a northwest-southeast direction diagonally across the Jar- 
bidge Valley, and outcrops occur interruptedly more or less through- 
out this di^ance. The vein seems to be in general alignment with 
the Pick and Shovel vein to the southeast. The principal portion of 
the property is on the east side of the river. Here, diagonally as- 
cending the steep rough moimtain slope, it rises 500 or 600 feet above 
the river, extends nearly to Bonanza Gulch on the southeast, and 
affords favorable ground for tunneling and mill sites. 

GEOLOGT. 

The country rock consists of flows belonging to the old lavas and 
is normal porphyritic rhyolite, except that on the Pavlak lease it 
includes the most altered phase encountered in the district. Much 
of the altered rock is purplish or bluish gray, with the feldspar 
kaolinized, and it is rich in macroscopic phenocrysts of wine-colored 
or reddish-brown "fish-eye" quartz and contains disseminated 
throughout considerable secondary pyrite and marcasite, both macro- 
scopic and microscopic. It shows much secondary silicification. 

The Paleozoic quartzite is reported to have been encountered re- 
cently in the Pavlak tunnel several hundred feet below the surface. 
The rocks as a whole are reported to show a westerly dip. 

VEINS AND OBE. 

There are four or more veins on the property. The most impor- 
tant are the Pavlak and Taft veins. They have a northwesterly 
strike, which is concave to the east and a steep or nearly vertical 
easterly dip. 

The outcrops form bold reefs of silicified quartz and light-colored 
rhyolite stained by iron and manganese, in places as much as 60 
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68 JAEBIDGE MINING DISTRICT. 

feet wide, and rise to a height of 75 feet above the surface. The 
Pavlak vein is supposed to extend throughout the length of the 
claim group, a distance of nearly IJ miles. Nearly all the develop- 
ment work has been done on this vein. From the presence of the 
silicified rhyolite some portions of the vein are frequently referred 
to as dikes. 

The Taft vein, exposed for a considerable distance along the prop- 
erty, principally on the Taft claim, nearly parallels the Pavlak vein 
on the southwest. In places it is said to show a width of 15 to 20 
feet. Little development work has been done on it, but the Pavlak 
tunnel shows small quartz-adularia stringers which contain fair 
values and which are supposed to be feeders of this vein. 

The veins and "ore consist mainly of the gold and silver bearing 
quartz-adularia type of rock, which contains also much sericite widely 
distributed, considerable fluorite, some iron, and in places associated 
seams of talc from 1 inch to several inches in thickness. 

The ore occurs in a great variety of forms and ranges in texture 
from coarse to fine and in structure from the characteristically lami- 
nated honeycombed or cellular variety rich in free gold, with gold 
frostings in the cavities, some yielding several thousand dollars a ton, 
to hard semitranslucent massive forms in which the values are usually 
small. A fine-grained siliceous phase showing deep-yellow free gold 
associated with blackish specks and streaks of a dark mineral, seem- 
ingly argentite, is reported to range as high as $4,000 to the ton. 
Some values occur also in the associated seams of " talc," but in a few 
places, if anywhere, in the wall rock. 

DEYEL0PXEVT8 AND PBODTTCTIOV. 

The development work, which was done mainly during the year 
1910, consists of crosscut timnels and drifts aggregating about 1,000 
feet. They are mostly near the river at 20 feet or more above water 
level, on the lower west or footwall side of the veins. The work is 
distributed in three areas known in order from north to south as the 
Riddle, 4-M, and Pavlak leases, with about 100 feet on each of the 
two first named and the rest on the Pavlak. 

4-M LEASE. 

The 4-M lease, on Arizona claim No. 1, has made the best showing 
in the Jarbidge district so far as production and high-grade ore are 
concerned. On this lease, held and operated by Moffit, McCarty, 
Morris & Son, the principal opening at the time of visit was a 70-foot 
drift on the Pavlak vein, where its bold outcrops are cut by Cold 
Springs Gulch at an elevation of about 6,500 feet, or nearly 100 feet 
above the river. The drift runs S. 25° E. and has a depth or back 
of 120 feet at the face. The country rock is nearly normal rhyolite. 
It contains here and there a little pyrite, some in seams or veinlets 
one-eighth of an inch wide and some also disseminated through the 
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rock, as at the Pavlak tunnel later described, but none was observed 
in the vein. The vein dips about 80° W. 

S<Hne of the outcrops are said to have assayed about $800 to the 
t(HL On removal of the surface strippings on the hill slope above 
the drift, the vein showed a small streak of high- grade ore extending 
ccmtinuously for a distance of nearly 200 feet, which panned well and 
assayed from $300 to $850 to the ton. In the drift that was being 
run to open this rich ore shoot in depth the vein showed a width of 
I^ to 8 feet It consisted of iron-stained quartz and some associated 
rhyolitic breccia, and was practically all good milling ore worth $60 
to the ton, or better. It contained also streaks, bunches, and pockets 
of high-grade shipping ore in which much of the gangue or matrix 
was sugary quartz running high in values, the highest being on the 
footwall side, where assays are reported to have yielded as high as 
$18,036 to the ton, of which 36 ounces was silver and the remainder 
gold. A more or less persistent streak about half an inch in width, 
which was being broken down on canvas and sacked for shipment, 
was said to range from $5,000 to $10,000 to the ton. 

In some of the high-grade ore the nodular or concretionary kidney- 
shaped phase already described is also well developed, the streaked 
or banded ore being deposited concentrically around inclosed frag- 
ments of silicified rhyolite as nuclei. The encircling black streaks 
associated with the bands are in places rich and show free gold. 
The specimen shown in Plate XI, 5 (p. 62) is an example of ore 
of this class. 

From the ore mined about 100 sacks had been hand sorted for ship- 
ment, effort being made to keep the grade up to $1,000 a ton. Late 
in November, 1910, it was authentically reported that from the bot- 
tom of a winze sunk to the 50-foot level drifts were being extended 
both to the north and to the south. A carload of shipping ore aver- 
aging $1,000 to the ton had been sacked and a large amount of high- 
grade milling ore was being accumulated on the dump for the new 
milL 

On the 4-M lease the Taft vein lies 150 feet southwest of the Pav- 
lak vein. It varies from 8 inches to 3 feet in width and pans about 
$15 in free gold to the ton, but probably contains values that will 
average several times this amount. 

A recently discovered vein on this lease, opened by a short tunnel 
about 40 feet below the surface, is said to show a width of about 7 
feet of mainly good ore, of which about 4 feet is a fine-grained white 
quartz that pans well in gold and is mostly of shipping value. 

EZDDLE LEASE. 

The development work on the Riddle lease, held and operated by 
Biddle & Corrigan, on Arizona claim No. 2, includes several open- 
ings, but consists mainly of a tunnel or drift a hundred feet in length. 
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This tunnel starts about 20 feet above the river flats and is driven 
eastward, mostly in normal gray rhyolite and in part on what seems 
to be a spurlike vein to crosscut the main Pavlak vein, 150 feet be- 
yond the face, beneath a shaft and bold outcrops that stud the steep 
slope 200 feet above the river. This work, it is said, was started on 
an outcrop of mostly barren quartz with which was associated an 
8-inch streak of ore showing values of only about $1.60 to the ton. 

The spur vein consists of the usual quartz-adularia rock and con- 
tains inclusions of metasomatically altered gray rhyolite, like the 
specimen shown in Plate XI, B. It also contains much fluorite and 
sericite and shows in places 5 to 8 feet of ore that averages about $15 
to the ton. Here and there it carries bodies of rich ore sprinkled with 
visible free gold. Recent reports state that the vein has also been 
opened by a timnel on a higher level, where it shows considerable 
quantities of $12 to $16 ore. 

PATLAX LEASE. 

The Pavlak lease, also called the Pavlak-Thorout lease, is located 
south of the 4-M lease on the Taft and Arizona No. 1 claims and is 
operated by the Pavlak-Jarbidge Mining Co. It comprises some of 
the highest ground, strongest outcrops, and most extensive develop- 
ment work on the Pavlak property. The work consists principally 
of the Pavlak tunnel, which, starting at about 20 feet above the river 
flats, is driven about N. 75° E. for a distance of nearly 700 feet to 
crosscut the Pavlak vein at a depth of 600 feet beneath the surface. 
In its course the tunnel seems to have cut almost the entire Pavlak 
vein system. It is said to cross several stringers and two veins be- 
sides the Taft and Pavlak veins. The veins range from 2 to 8 feet 
in width. In the last 200 feet or more of its course the tunnel also 
penetrates the Paleozoic quartzite, which is said to have been en- 
countered to the west of a vertical line beneath the shaft and the 
outcrops and which probably expands into the core of the mountains 
and perhaps widely underlies the lavas in this vicinity. In the tun- 
nel this rock seems to deflect or pinch the veins, but near the present 
face of the tunnel it contains quartz stringers regarded as promising. 
Also in the north drift from the tunnel a large amoimt of good-look- 
ing quartz has been encountered on the Taft vein. Each of the four 
veins has been drifted on for 50 to 70 feet to the right and the left 
of the crosscut tunnel, with only moderate success. The best show- 
ing seems to be on the Taft vein, which, at about 80 feet in from the 
portal of the tunnel, shows several feet of low-grade ore. 

At the east contact of the rhyolite with the quartzite there is, it is 
said, a large, ill-defined vein with a seam of talc and a copious 
flow of water, and this is thought to be the main or Pavlak vein. 
About 100 feet beyond this contact the tunnel crosses what seems to 
be a 2 to 3 foot fissure containing bowlders of hard quartz and like- 
wise yielding a large flow of water. 
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The Pavlak shaft is located on the Pavlak vein on the course of 
the tunnel at about 600 feet above its level. It is 40 feet deep and 
sho^s the vein here to be from 10 to 12 feet wide. It was started 
on 2 feet of low-grade ore, but at a depth of 18 feet it shows 7 feet 
of ore ranging from $2 to several hundred dollars to the ton. The 
lower part of the shaft, 10 feet in width, is said to be wholly in good- 
grade milling ore, which, taken in connection with the neighboring 
outcrops, indicates a considerable body of good ore at this place. 
The entire dump from the shaft is said to pan well in gold. 

About midway between the Pavlak and Taft veins a new vein has 
recently been opened on the surface which is probably one of those 
that were crosscut in the timnel below. It is said to be 3^ feet wide 
and shows fair gold values. At last accounts a large body of rich 
ore had been opened in the crosscut from the north drift in the tun- 
nel at a depth of about 300 feet. 

The country rock on the Pavlak lease, as shown in the tunnel sev- 
eral hundred feet underground, is the typical porphyritic rhyolite. 
Though it looks relatively fresh, in reality it has undergone more 
alteration and silicification than any other rocks seen in the district, 
especially between and along the veins. In places it carries fair 
values. The groundmass is purple or bluish ash-gray. It is finely 
holocrystalline, with a tendency to be poikilitic, and it is at least 
partly altered by secondary silicification. Plentifully scattered 
throughout it are secondary pyrite, hematite, marcasite, and a little 
magnetite and sericite, and in places it contains much fi[nely divided 
chlorite. 

The rock contains abundant phenocrysts of the deep reddish-brown 
"fish-eye" quartz, whose cracks are filled with infiltrated hematite. 
Some of the phenocrysts are surrounded by aureoles of secondary 
silica. The orthoclase phenocrysts are in part kaolinized or suffused 
with secondary silica. Some contain epidote, chlorite, pyrite, and a 
little sericite. The principal processes of alteration in this rock are 
silicification, epidotization, ehloritization, and pyritization. 

On the bank of the river at the mouth of the tunnel the company 
is installing an improved cyanide plant and mill with classifiers. In 
November, 1910, most of the lumber and part of the machinery was 
on the ground. Besides treating the output of this property, the mill 
is planned to handle custom ore for other mines. 

HAM-AHD OB OTTKLET LEASE. 

To the south of the Pavlak lease, but on the Pavlak groimd and 
on the extension of the Pavlak and Taft veins, is the Ham- And or 
Curley lease, operated by McCoy, Andrews & Murray, on which each 
vein is about 5 feet in width and shows milling ore that pans well. 
One vein is opened by a 155-foot drift and a shaft. The drift is 
said to show ore all the way that pans from $14 to $60 to the ton. 
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The shaft extends 25 feet below the level of the drift, and its bot- 
tom part is all in vein material, of which nearly 2 fe^t is hi^-grade 
ore and most of the rest milling ore. 

PAN PROPERTY. 

Joining the Pavlak property on the southeast is the Pan claim. 
(See PI. Xin.) It lies mostly on the south side of Bonanza Gulch, 
between elevations of 6,700 and 6,900 feet. It is operated by J. P. 
Duncan, and is opened mainly by a tunnel or drift at an elevation 
of about 6,730 feet on Bonanza Gulch, which is here a canyon. 

The country rock is greenish or purplish-gray hard rhyolite, and 
it is porphyritic mainly, with more or less conspicuous phenocrysts 
of the " fish-eye " quartz. 

The tunnel runs S. 35° W. for about 100 feet, to a point where 
it obliquely strikes the vein, which trends in a southeasterly direc- 
tion, like the western veins in general. The dip of the vein is about 
vertical, and it seems to be on the trend of the Taft vein. The 
vein is 3^ feet wide. It is composed chiefly of medium-textured 
quartz-adularia rock, some of which is sugary or fine, but inclosed in 
it are small fragments of completely altered and silicified rhyolite, 
and it presents in part a brecciated appearance. The vein is also 
split by a horse or lens of coimtry-rock rhyolite about a foot in 
width, the extent of which was not shown at the time of visit. 

The vein is oxidized and looks well, but is of low grade. The ore, 
which includes most of the vein, at the time of visit ran from $3 to 
$4 to the ton. Recent developments, however, are said to show ore of 
better grade in the drift about 225 feet in from the portal of the tun* 
nel, at a depth of about 150 feet. 

SUNFLOWER GROUP. 

Joining the Pan property on the west and extending down Bonanza 
Gulch to the river flats is the Sunflower group (see PI. XII), con- 
sisting of four or more claims owned by F. W. Riddle, which are 
said to.comprise two veins showing workable ore of fair grade. 

RED BIRD AND DUFFY CLAIMS. 

On the Red Bird and Duffy claims (see PI. XIII), joining the 
Pavlak property on the northeast and the Buster on the north, three 
veins lying about parallel with the Pavlak veins and probably belong- 
ing to the same subsystem have been opened at several points by W. 
W. Williams, of Butte, Mont. They are from 4 to 6 feet in width 
and from the outcrops seem to extend more or less continuously across 
the property. One of these veins for about 600 feet is said to carry 
nearly 5 feet of good ore that shows considerable free gold in the 
pan. This vein has been traced southeastward across the Guess and 
other groups into Bonanza Gulch. 
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BOURNE MINE. 
LOCATION. 

The Bourne property is situated about a mile north of the Pavlak 
mine and about three- fourths of a mile south-southeast of Jarbidge, 
east of Jarbidge River, on Bourne Gidch. It comprises 17 claims, 
known as the North Star or Bourne group, which, as shown on Plate 
Xn (p. 66), extend more than 1^ miles eastward from the river up 
the steep but not generally rugged mountain slope to the 9,000-foot 
contour. The mine proper is situated in the western part of the 
group on the North Star No. 3 claim, at an elevation of about 6,950 
feet, or 650 feet above the river. 

The property was discovered and located August 19, 1909, by D. A. 
Bourne, the pioneer discoverer of the district. Soon afterward the 
North Star Mining & Milling Co., of Boise, Idaho, the present owner, 
was organized to develop the property. Development work is mostly 
carried on by lessees. 

DEYELOPIEEHTS. 

The developments, which consist of 100 feet or more of under- 
ground work, are mostly at the Bourne mine or Fletcher lease and at 
the Buys-Riddle lease. 

At the Fletcher lease, held and operated by Clark & Fletcher, of 
Ely, Nev., the development consists principally of two tunnels or 
drifts driven on or in association with the lode known as the Bourne 
vein (see fig. 2, p. 49) and spaced 105 feet apart vertically and about 
20 feet horizontally. Of these the upper or main tunnel, which runs 
in general in a southeasterly direction, is 212 feet long and contains 
about 300 feet of crosscuts and laterals, a 45- foot upraise to the sur- 
face, and a 30- foot winze. The lower tunnel, in which work is now 
going on, has a length of about 200 feet. It also contains a crosscut, 
from which an upraise is being driven on the vein to connect with the 
winze of the upper tunnel. This connection will give the mine good 
ventilation and will open considerable stoping ground. According to 
recent accounts this lease has been sold to a Salt Lake company by 
which a mill is socm to be installed. 

In the Buys-Riddle lease, on the adjoining North Star claim and 
North Star vein, to the east, about 200 feet lower than the Fletcher 
lease, the developments consist of two short timnels or drifts. The 
upper and more important runs S. 22° E. and is in 40 feet on the vein, 
which in places is about 7 feet in width, and has an 18-foot winze 
sunk about 15 feet in from the portal. At the time of visit a new and 
shorter tunnel was also being driven lower down the slope. 

GEOLOGY. 

The country rock consists mainly of the old rhyolite, much of 
which, owing to the steepness of the slope, is covered by slides and 
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talus. The reef or " dike " of Paleozoic quartzite, about 200 feet wide, 
best exposed where it crosses Bourne Gulch, extends diagonally across 
the property in a northeast-southwest direction. No values to ^eak 
of have yet been found in association with this rock. 

VEnre AVD OBXB. 

The deposits on the Bourne group, so far as observed, seem in large 
part to be more in the nature of composite veins or lodes than of 
well-defined individual veins. They are marked by strong outcrops 
trending in the usual northwest-southeast direction, which, however, 
occur only interruptedly in isolated knobs, bunches, or masses a few 
hundred feet or less in extent. Though some of them are in align- 
ment, the continuity or discontinuity of the deposits from one outcrop 
to another is masked by the heavy sheet of slide and talus that in most 
places blankets the slope. 

At the Bourne mine, on the Fletcher lease, the outcrops, which are 
40 feet or more wide, extend for about 200 feet, and rise boldly about 
20 feet above the surface, consist mainly of silicified rhyolite and 
some associated vein material and contain in places very high values. 
Beneath the outcrops the deposit, which seems to be a lode or miner- 
alized shear zone in highly altered rhyolite, dips eastward, into the 
range, at angles of 80° to 85**. The lode has an average width of 16 
to 20 feet and a known maximum width of 113 feet. It is composed 
of the usual laminated quartz-adularia rock shown in Plate VIII 
(p. 54) and is said to run about $12 in gold to the ton. It shows 
considerable free gold in places, and free gold may usually be ob- 
tained in panning. The entire mass is deeply oxidized or stained by 
iron and manganese and contains seams of " talc." 

Under the microscope the thin sections show that the lode material 
contains more than 60 per cent of adularia and is on the whole much 
finer grained than any seen elsewhere in the district. At least two 
generations of crystals seem to be present, the medium or coarse and 
the very fine grained. In the latter, almost as in a groundmass, the 
coarser crystals seem to rest, the whole forming a faintly and im- 
perfectly banded structure, as shown in Plate IX (p. 56). In this 
rock the gold occurs mostly in association with argentite and in the 
form of free gold, as shown in Plates X (p. 60) and XI, B (p. 62), 
and described more in detail on page 57. 

The gold and especially the associated argentite occur in irregular 
ragged-edged areas and in small bodies and grains, and the argentite 
also in still smaller grains ranging down to dust in the adularia in- 
terstices. Where the gold occurs in areas or specks of any consider- 
able size it is for the most part surrounded by argentite, with which 
its main contact is usually irregular, as shown in Plate X* 
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Argentite and apparently some gold fill certain of the cracks that 
cross the large crystals. Some crystals or grains of adularia pene- 
trate the periphery of the gold-bearing part of the ore and show that 
the gold occurs as filling and was probably deposited later than the 
adularia. In places the gold tends to occur in or close to the druses 
that are more or less surrounded by coarse adularia crystals, and 
some of it is associated with iron. 

In the early stages of the mine's development a number of assays 
made by F. V. Bodfish/ who sampled the lode, showed that the ore 
averaged about 0.44 ounce of gold and 1.4 ounces of silver to the ton. 
Later developments show the ore in general to contain more nearly 
an ounce of gold and half an ounce of silver to the ton. The silver 
seems to occur principally as argentite. 

The values favor the footwall. Here, at about 6 feet from the 
side of the lode, a band of ore 16 to 24 inches wide, starting about 12 
feet in from the portal of the tunnel and having a known extent of 
16 feet, contains more than $100 to the ton, with portions ranging as 
high as $10,000. The values in the winze are said to range from 
$16.50 to $482 to the ton. The highest-grade ore is usually associated 
with dark longitudinal streaks and specks of silver sulphide or 
argentite. 

At about 112 feet in from the portal the tunnel is crossed by a 
northwestward-dipping fault which disturbs the constancy in values, 
locally terminates the bold surface outcrops overhead, and suggests 
that tiie exploited portion of the lode may be faulted down from the 
rich outcrops occurring considerably higher up the mountains, some 
500 or 600 feet to the southeast. The adjoining open test cuts, how- 
ever, are too shallow to show the dip. In the bottom of the winze is 
a so-called cross bar of rhyolite, which, however, may be only a horse. 

According to advices received in April, 1911, the ore chute had just 
been opened with good results at three points 60, 100, ind 140 feet 
bdow the surface, and the vein was found to vary from 8 to 13 feet 
in width. It showed much easy-milling $17 ore, sufficient, it is said, 
to run a 10-stamp mill for a year. The workings were all in the 
laminated quartz, said to carry the best values. 

In July, 1911, it was reported that the mine had $150,000 worth of 
ore blocked out, and that the mill being installed on the ground was 
nearly completed. In this mill, it is said, the crushing will be done 
by rollers and the pulp passed over plates and then cyanided. 

The crude alignment of the Bourne mine deposits here described 
with the prominently outcropping lode or reef of reddish altered 
mineralized rhyolite about one-eighth of a mile to the north-north- 
west, in the north cliff of Bourne Gulch, suggests that beneath the 

1 Scott, W. A., Jarbidge, Nevada : Mln. and Sci. Press, Apr. 30. 1910, p. 614. 
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surface covering the deposits may be continuous between these two 
outcrops. At the latter locality, which is an earlier discovery, some 
development work has been done. The outcropg are traversed by a 
prominent sheetlike structure with a N. 60° W. strike and a dip of 
80° S. 

On the Buys-Riddle lease the vein is in places about 7 feet wide. 
It is said to pan well in free gold and the ore runs about $10 to the 
ton, with a little high-grade ore in spots. Considerable free-milling 
ore containing $17 to the ton was taken out of the winze, mostly in a 
sugary quartz gangue. 

MISSMO GROTTP. 

To the northeast of the Bourne property, above the quartzite reef, 
much of the surface dirt pans well in free gold and here a consider- 
able area covered by the Misano group of claims (see PL XII, p. 66) 
is being opened by a crosscut tunnel driven by E. Fletcher and 
others, of Boise. 

BUSTER MINE. 

The Buster mine is situated between the Pavlak and Bourne mines, 
at the foot of the mountain on the east side of Jarbidge River, about 
three-fourths of a mile above Jarbidge, at an elevation of about 
6,360 feet, and is opened at about 20 feet above the river. It was 
located late in 1909 and is owned and operated by the Buster Mining 
Co., of Jarbidge. The prop>erty comprises several claims and a frac- 
tion (PL XIII, p. 66) situated on the steep hillside slope shown in 
Plate VII, A (p. 50). The country rock is the old rhyolite. Much 
of it is considerably altered and locally silicified along the veins and 
in places contains finely disseminated pyrite. 

The mine is on the cross- vein system, which trends in a northeast- 
southwest direction, nearly across the general trend of the neighbor- 
ing veins of the west system. 

The deposits comprise several short parallel veins or lodes, all dip- 
ping steeply to the southeast. They are composed chiefly of the 
usual laminated quartz and adularia and contain in places consid- 
erable associated altered rhyolite. Of these veins the most impor- 
tant is a vein about 12 feet in width, with casing and slickensiding on 
either wall, contained in a lode 30 feet wide, whose outcrops, consist- 
ing of silicified gangue and altered rhyolite rising boldly 30 feet or 
more above the surface, extend for about 600 feet up the slope, as 
shown in Plate VII, J., and assay fair values in gold. 

The property is opened by a 125-foot crosscut tunnel which runs 
southeast and crosses three veins. The first vein, located 25 feet in 
from the portal, is about 9 feet in width, including considerable 
altered rhyolite, and is said to average about $16 in gold to the ton. 
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The second vein, which occurs about 50 feet in from the portal, has 
a width of about 2 feet and is reported to carry good values. Here 
small bodies of the wall rock contain disseminated fine-grained sec- 
ondary pyrite. 

The third or main vein, the one marked by the strong outcrops 
and but recently reached imdergroimd, lies near the face of the tunnel, 
about 125 feet in from the portal, at a depth of 140 feet. It is said 
to be 12 feet wide and to average $12 in gold to the ton. 

The continuation of this vein, or its fault fissure, is represented on 
the opposite or west side of the Jarbidge Valley by the Jarbidge Cave, 
described on page 37, which is on the strike of this vein and is roofed 
or capped by outcrops similar to those at the Buster mine. Within 
the cave are good slickensided walls on the northwest. It con- 
tains rhyolite fault breccia and associated mineralized rock or vein 
material and in places has yielded the prospector as high as $17 to 
the ton. 

It seems also probable that the Amazon vein, situated to the south 
of the cave, formerly belonged to the main Buster vein, which it par- 
allels and from which it seems to have been displaced by a transverse 
fault with a lateral throw of about 500 feet. 

A 3-stamp mill being installed at the Buster mine is expected to be 
soon in operation. Recently a good opening has been made on the 
Buckeye ground, adjoining the east end of the Buster on the south 
and lying in the trend of the Bourne and Buster mines. 

PICK AND SHOVEL MINE. 

The Pick and Shovel mine, also known as the Escalon mine, is 
located 2J miles south-southeast of Jarbidge, on the middle west 
slope of the Crater Range, near the head of Pick and Shovel Gulch, 
at an elevation of about 7,600 feet, or 900 feet above the river. The 
camp is on the opposite or east side of the gulch, about 300 feet below 
the mine. The mine was discovered September 15, 1909, by John 
Escalon, of Elko, Nev., soon after the famous Pavlak and Bourne 
properties were discovered. 

At the time of the writer's visit the property was developed by a 
100-foot shaft sunk on the vein with a 20- foot crosscut and a 40-foot 
drift on the 50- foot level, a 16-foot crosscut on the 100- foot level, and 
50 feet of main adit tunnel started in the hillside on a level 200 feet 
below the collar of the shaft. Hoisting machinery and boiler were 
soon to be installed. The mine is said to be bonded since March, 
1910, for $100,000 to the Twin Falls-Jarbidge Development Co., 
with headquarters at Twin Falls, Idaho, by which it is operated. 

The property consists mainly of the Pick and Shovel and the 
Shovel Fraction claims, shown on Plate XII (p. 66). It trends 
northwest and southeast, about parallel with the veins of the west 
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system, and lies mainly between elevations of 7,300 and 7,700 feet 
The slope is steep, about 30°, but the topography is not ru^ed. The 
mine is now reached by trail, but a good wagon road could readily be 
constructed. 

The country rock is mainly the old rhyolite, which in places, espe- 
cially on the north, is worn through by erosion to the underlying sedi- 
mentary rocks, notably siliceous shale and sandstone or quartzite, 
and some of which occurs in the mine associated with the vein. The 
rhyolite is normal, but is finer grained than the relatively coarse por- 
phyritic phase occurring at the Pavlak tunnel. The bedrock is 
mostly covered, however, by a surface sheet of slide and talus that 
lies upon the slope, as shown in Plate VII, B (p. 50). 

The deposits occur in a fissure vein or lode known as the Pick and 
Shovel vein. The course of the vein obliquely along the mountain 
side is marked in places by bold outcrops rising 30 feet or more above 
the surface, both north and south of the mine. The outcrops consist 
of the usual quartz-adularia gangue and rhyolite. 

The general alignment of the vein with the Pavlak vein on the 
northwest has been noted in the description of the Pavlak mine. 
Openings on the south, near Gorge Gulch, on the Good Luck claim, 
and on the Free Gold No. 4 claim, are also in alignment and thought 
to be on the extension of the Pick and Shovel vein. 

According to latest reports the vein on the 100-foot level shows a 
width of about 30 feet, most of which carries good average values 
and contains some high-grade ore, samples containing $45 in gold to 
the ton being reported. The high-grade ore occurs largely in dark- 
colored bands, streaks, or lines which, in the deeper part of the mine, 
traverse a relatively fresh-looking milky-white to semitranslucent 
rock. The dark color in these streaks and lines is due in part to 
argentite associated with the gold, and in part to the gangue itself, 
which is of dull-grayish luster and darker and later than the sur- 
rounding rock whose fractures it fills. Considerable portions of this 
earlier rock are almost completely replaced rhyolite. 

The walls of open or loosely filled portions of fissures in the lode 
are faced with a reddish to brownish-gray incrustation of argentite 
and hematite from 0.05 to 0.1 inch in thickness, throughout which 
visible free gold is finely disseminated. 

The ore also contains nodular concretionary forms in which frag- 
ments of altered silicified rhyolite or of the sedimentary rock are 
the nuclei around which deposition and ore concentration have taken 
place. Plate XI, J? (p. 62), is a reproduction of a sample of the ore 
with rhyolite nucleus from the 100- foot level. 

The ore on the whole consists of the usual gold and silver bearing 
quartz-adularia rock. It is for the most part crudely banded or 
massive and contains fragments of rhyolite and siliceous greenish- 
gray and black massive shale or slate ranging up to 2 inches or more 
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in diameter, the latter being traversed by numerous quartz-adularia 
veinlets. Some pieces show pronounced contact metamorphism and 
some have been so suffused, silicified, and changed by the gangue 
solutions that they are altered into a kind of hard, dense aphanitic 
homstone or flint These hard flints or hornstones and the meta- 
morphic fragments alike show finely disseminated specks of free gold. 

Under the microscope thin sections of the ore, notably from the 
70-foot level, show the rock to be composed of about 50 per cent of 
adularia variously intergrown with the quartz, all showing very 
cwnplicated replacement structures, bladed, fan-shaped, and drusy, 
some of which are reproduced in Plate IX (p. 56). The quartz and 
adularia seem to be of several generations, small crystals of the older 
being contained as inclusions in crystals of the younger. 

Disseminated throughout the ore is also considerable sericite, which 
occurs mostly in aggregates, locally in the druses. Fluorite as a late 
filling is present in considerable amount, notably in sections from the 
70-foot level, and the ore contains also considerable disseminated 
hematite or ferric oxide in grains and dust 

Toward Bonanza Gulch on the north end of the property, at an 
elevation of about 7,550 feet, a 10-foot open cut shows what seems 
to be a lode or vein, striking N. 35° W. with nearly vertical but 
variant dip, which is thought to be the Pick and Shovel vein. The 
northeast side of this vein is composed of quartz and adularia and 
the remaining 8 or 10 feet is in the main partly altered silicified 
rhyolite, in part replaced by the same gangue minerals. The north- 
east wall is well frozen to the country rock. The vein is good look- 
ing so far as exposed. The outcrops are massive iron-stained quartz 
and silicified rock. 

A short distance to the north of this opening, down the south elope 
of Bonanza Gulch, are exposures of the younger Paleozoic sedimen- 
tary rocks, to which the fragments contained in and associated with 
the Pick and Shovel vein are very similar and from which they have 
doubtless been derived. To judge from the amount and size of the 
fragments and the angular character of many of them, the parent 
beds probably lie at no great depth below the bottom of the Pick 
and Shovel mine. 

From these conditions it is inferred that this mine, as well as the 
Pavlak crosscut tunnel, promises to disclose at an early date very 
interesting and significant results concerning the continuity and 
behavior of the veins in the sedimentary formations that underlie 
the rhyolite lavas, in which alone, up to the present time, the veins 
are known to occur. The sedimentary rocks of the Pick and Shovel 
mine appear different from and younger than the hard quartzite 
encountered in the Pavlak tunnel. 
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BLUSTER MINE. 

The Bluster mine, also known as the Winkler mine, is situated 
about 2J miles south-southeast of Jarbidge, on the middle west slope 
of the Crater Range at the head of Pick and Shovel Gulch (PI. VII, 
J?, p. 50), about one-fifth of a mile east of and up the slope from 
the Pick and Shovel mine. (See Pis. XII and XIII, p. 66.) It 
lies at an elevation of about 8,050 feet, or' about 1,300 feet above the 
river. 

The property consists principally of the Bluster and Scenic claims. 
It was discovered and located January 11, 1910, by George Winkler, 
T. B. Beadle, and Edward Benane, the present owners and operators, 
and received its name from the atmospheric conditions of the day 
on which it was located. Its prcmiising character and ridi ore, how- 
ever, were not recognized until eariy in July, since when excellent 
results have been shown, considering the moderate amount of develop- 
ment. It was worked on a small scale until August 4, 1910, but from 
then until about the end of the year operations were temporarily 
suspended owing to litigation. 

The developments at the time of visit consisted mainly of a 5 by 7 
foot shaft 16 feet deep sunk on the footwall of the vein ; later this 
shaft was deepened to 52 feet. The mine is now reached by trail. 
The topography is similar to that of the Pick and Shovel ground 
shown in Plate VII, 5, except that being higher up the slope the sur- 
face is steeper and in places strewn with heavy talus and rock debris. 

The country rock is the old rhyolite and is the medium or fine 
grained phase. It is mostly light gray and is silicified and traversed 
by quartz-adularia seams and veinlets, but ranges in color to dark 
purple or blackish. 

There are no strong outcrops of the Bluster vein at the mine. 
Along its strike, however, about 1,000 feet to the north, in the south 
slope of Bonanza Gulch, outcrops occur, and farther down the slope, 
crossing Bonanza Gulch at an elevation of about 6,200 feet, about 
2,000 feet distant from the mine, is a boldly outcropping reef or dike 
about 100 feet wide, commonly known as the Bluster dike. This dike 
is composed mainly of silicified rhyolite similar to that forming the 
footwall at the mine, and it is commonly regarded as representing the 
continuation of the Bluster vein or at least of its fissures. Several 
cuts or openings whose material pans well in gold have been made on 
or near this reef between the mine and Bonanza Gulch. The vein is 
also opened at a point several hundred feet to the south of the mine, 
on the opposite side of Pick and Shovel Gulch. 

The Bluster vein as seen in the mine strikes N. 28° W. and dips 75® 
E., into the mountain. It showed at the time of visit a width of H 
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feet in the shaft, with both walls composed of silicified rhyolite and 
locally containing values. 

The vein is crudely banded with five or six longitudinal bands. It 
is composed of the usual milky-white or vitreous quartz-adularia rock 
and contains s<Mne fault breccia of rhyolite and dark siliceous slate or 
slaty quartzite. Fragments of each of these varieties of rock form 
the nuclei in the nodular phase of the ore, as in the 4-M lease on the 
Pavlak mine and in the Pick and Shovel mine. On the whole the 
color of the vein is light. Much of the ore glistens with the many 
bright glassy faces of the small pseudomorphic plates of the gangue 
lying at all conceivable angles. Owing to the delicacy of these plates 
much of the ore is friable and is easily pulverized by rubbing between 
the hands or fingers. The texture is medium to fine ; the coarse-tex- 
tured gangue or or© such as is shown in Plate VllI (p. 54) seems to 
be absent. 

The vein contains gold almost from the surface down. This is 
readily shown by panning. The values favor the footwall, and the 
occurrence of the metals -is in most respects similar to that in the 
Bourne and Pavlak mines. 

At the time of visit the vein in the 16-foot shaft had been care- 
fully sampled by several persons independently, each of whom 
reported it to average $60 to the ton in gold and silver, including 
everything from wall to wall. Except about 30 sacks of shipping ore 
the entire dump excavated from the shaft, it is said, will average 
about this amount and is to be milled. In the sampling the values 
were found to vary in different parts of the vein. The lowest assay 
obtained was $10 and the highest $1,200 to the ton. The richer ore 
occurs in certain portions of the crude bands, mostly near the middle, 
on tabular slabs of quartz, where the metal incrusts areas that may 
reach a foot or more in diameter. A sample of this ore is shown in 
Plate XI, A (p. 62). These incrustations are richly coated or 
sprinkled with patches or relatively coarse specks of gold, many being 
from one-half to three-fourths of a millimeter in diameter. The gold 
seems to be coarser than that in the mines down near the river, 
already described. 

Some of these rich bands extend continuously across the shaft and 
others about halfway. A 1-inch band next to the footwall is said to 
run $800 to the ton, and a 5 or 6 inch band next to it about $200 to 
the ton. In each of these bands occur thin discontinuous pay streaks 
running as high as several thousand dollars to the ton. 

With the gold is nearly always associated considerable argentite, the 
quantity of which stands in direct proportion to that of the gold. 
The highest silver value reported from the mine is 90 ounces to the 
ton, which is somewhat exceptional for this district. 
11840"— Bun. 497—12 6 
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Since the property was released from litigation the shaft has been 
sunk to a depth of 52 feet, where the vein, it is said, is about 5 feet 
wide and is richer than at any other point at which it has been opened 
from the surface down. 

SUCCESS GROUP. 

Adjoining the Pick and Shovel and Bluster mines on the north, in 
the south slope of Bonanza Gulch, as shown on Plate XII (p. 66), 
is the Success property, owned and developed by Nelson Bros., of 
Nevada. It is crossed by several veins, among which that supposed 
to be the Pick and Shovel vein is the most important. This vein is 
here 5 to 6 feet in width and shows ore considerable portions of 
which are said to average $100 to the ton. 

ROCK CREEK FRACTION AND IT CLAIMS. 

Northeast of the Bluster mine and the Success group are the Rock 
Creek Fraction and It claims (see PL XIII, p. 66), traversed by a 
2-foot vein composed mostly of good ope. Before the vein was 
opened a one-third interest in the Rock Creek Fraction, it is said, 
exchanged hands for $1,500. 

JOSEPHINE GROUP. 

On the Josephine group (see PI. XIII), in the north side of Gorge 
Gulch, about half a mile south of the Bluster mine and approximately 
on the trend of the Bluster vein, occur two veins. The quartz in the 
more easterly one, which is opened by a 40-foot tunnel, is said to 
resemble closely that of the Bluster vein and to pan well in gold. 
Farther up Gorge Gulch to the northeast, on the Stray Dog, Indian 
Camp, and Red Rooster claims, occur two veins said to show good 
values and to extend southeastward across the ridge into Snowslide 
Gulch. 

GOOD LUCK PROPERTY. 

The Good Luck property is about 3 miles south-southeast of Jar- 
bidge and about a mile south of the Pick and Shovel and Bluster 
mines. (See PI. XIII, p. 66.) It is situated in the more or less 
steep basal slope of the mountains, mainly east of Jarbidge River, 
a short distance above Gorge Gulch, and lies mostly between eleva- 
tions of 6,750 and 7,000 feet. It is being developed by Park & 
Cobum, and is opened mainly by a 100- foot drift at an elevation of 
about 6,900 feet, or 150 feet above the river. The country rock is 
the old rhyolite, for the most part considerably altered or stained 
reddish brown. 

The deposits occur in a tabular fissure vein or lode commonly 
known as the Good Luck vein. It strikes about N. 10° E., with 
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approximately vertical dip, and is from 10 to 30 feet in width. It 
crosses Jarbidge River obliquely just below the Scott-Power place 
and here shows a width of about 20 feet. Its course in general is 
marked by well-stained and prominent outcrops which show at the 
Good Luck mine, across the river in the bluff back of the Scott-Power 
place, on the south, and beyond Gorge Gulch, on the north. The out- 
crops are said to show as a rule some free gold in the pan. 

The Good Luck drift follows the footwall of the vein for about 
100 feet, and from its end, at about 60 feet below the surface, a lateral 
is turned off across the vein, which here has a width of about 25 feet. 
Both the drift and the crosscut show the vein to be thoroughly miner- 
alized with finely disseminated pyrite and to contain values of $1 to 
^0 in gold to tiie ton, with some high-grade ore in places. From 
present indications it seems that this vein may prove to be an exten- 
sive body of low-grade ore. 

ST. JOB GROUP. 

The St. Joe group comprises the western part of the Free Gold 
group. The claims are shown on Plate XIII, but the location has 
been amended to conform to the trend of the vein. The property is 
located 3| miles south-southeast of Jarbidge, on the extension of the 
Good Luck vein southward across Jarbidge River, where the vein 
seems to be nearly a mile long and to extend across the high inter- 
stream ridge into the head of the Fox Creek valley. It lies mainly 
between elevations of 6,800 and 8,000 feet in the high, narrow ridge 
between Jarbidge River on the east and Fox Creek on the west 

The vein has about the same course, a little east of north, that it 
has on the Good Luck ground. The property is owned by the St Joe 
Co., of Jarbidge, and is being developed by the C. A. McMaster 
party. It is opened by a tunnel or drift just south of the Good Luck 
ground, in the base of the mountain west of the river. The tunnel 
has been driven for 60 feet, and, it is said, can be carried along the 
vein for nearly a mile, the entire length of the property, attaining a 
depth of 1,000 feet. It could also be used to mine the Solo vein, 
situated about 400 feet west of the Good Luck vein. The vein ma- 
terial is rhyolitic breccia and is pyritic, but in the present face of the 
tunnel the gangue is mainly quartz. 

FREE GOLD GROUP. 

The Free Gold group, comprising half a dozen or more claims, 
joins the Good Luck and St. Joe groups on the southeast. (See PL 
XIII.) It is owned by the Twin Falls Free Gold Mining & Milling 
Co., and is said to be crossed by a belt or lode 100 feet wide, the 
same that occurs on the Jarbidge Wonder ground near by, which is 
reported to pan gold at the surface throughout the extent of the 
property. 
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OZARK GROUP. 
LOOATIOV. 

The Ozark property is situated 5 miles southeast of Jarbidge, on 
the headwaters of Jarbidge River, where, as shown on. Plate XIII, 
it extends in a northwesterly direction across the east branch of the 
river to and beyond Dry Gulch. The eamp, ccnnmonly called the 
Foster camp, is located on the south side of the east branch, as shown 
in Plate III, S (p. 16). The property ranges in elevaticm from 
about 7,500 feet at the river to nearly 8,100 feet on the mountain 
slope to the north, where it crosses the ridge between Dry Gulch and 
the east branch. 

It was located in February, 1910, by Foster & Anderson, who are 
the principal owners, and it is developed mainly by a few himdred 
feet of drifts and crosscuts. 

The property lies on the rough mountain side sloping steeply to the 
river on the southwest, and is deeply strewn with coarse, heavy talus 
and slide rock. 

GBOLOOY. 

The country rock is the old rhyolite. It is mostly coarse, and in- 
cludes flows and beds of agglomerate and breccia at a higher horizon 
than any of the other properties so far described. 

The normal rock is more or less porphyritic, with wine-colored 
" fish-eye " quartz predominating over the much kaolinized feldspars. 
Some of its phenocrysts are nearly one- fourth inch in diameter, and 
the entire rock is as a rule heavily charged with reddish ferric oxide 
and in places contains disseminated pyrite. 

The rock is cut by a N. 60° E. sheeting which dips steeply to the 
southeast and by a similar structure, pronounced in places, which 
dips in the opposite direction, at angles of about 50° NW., and in 
some localities seems to be or to merge with the platy flow structure 
of the mountain. 

ORE DEP0BIT8. 

The deposits are contained in a fault-breccia shear zone or lode 
about 100 feet in width traversing the rhyolite country rock. This 
lode strikes about N. 17° W. It has a known extent of about a mile, 
and probably extends much farther. It passes beyond the limits of 
the Ozark property on both the north and the south, and in the 
latter direction it probably crosses the Great Basin divide. It is 
locally regarded as the southwesterly extension of the Pick and 
Shovel vein and is commonly referred to as the Pick and Shovel 
" quartzite dike." As a matter of fact, the lode shows no association 
or traces of quartzite or any similar rocks. 

The lode stands about vertical or may dip steeply in one direction 
or the other. At the Foster camp, where it is crosscut to a depth of 
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30 feet by the river, the lode dips about 80° W. The walls are only 
locally well defined. 

So far as shown by outcrc^ and openings die lode is composed 
mainly of crushed country-rock rhyolite or breccia, most of whidi 
is deeply oxidized and otherwise altered and in part silicified and 
pyritic, with the local development of laminated quartz-adularia vein 
material The lode is not continuously brecciated, however, but in 
places contains coarse, angular blocks or masses of normal country- 
rock rhyolite, some of which extend nearly or quite across its width, 
and probably have even greater longitudinal and vertical dimensions. 

In this brecciated shear zone or lode the deposits occur in bands or 
streaks, composed usually of altered and siUcified material that is 
more ccnnpletely brecciated than that of the lode in general, with a 
greater amount of quartz-adularia gangue. These bands seem to 
occupy fissured zones produced by differential movement of pcwrtions 
of the ma^ within the lode. In compositi<m they differ from the 
lode only in showing greater concentration of mineralization. In 
general they lie roughly parallel with the lode, but many of them are 
oblique to it in both strike and dip, as shown in the Ozark mine, 
where some of the bands strike N. 40° W. and ihe lode strikes 
N. 17° W. They vary from 1 to 20 feet in width and usually show 
surface values ranging from a few dollars up to $9 or $10 to the ton. 
Like the main lode, they have well-defined walls in places only. 
They apparently favor the footwall of the lode but are not confined 
to it 

The property is opened at three points, which may be referred to as 
the south, middle, and north openings. At the south opening, where 
the deposits are crosscut by the river at the Foster camp, there were 
at the time of visit two parallel cuts, one on either side of the stream, 
<m the footwall side of the lode. These showed moderate values. 
Later developments are said to show the vein or ore-bearing belt to 
have a width of 25 feet, to average $4 to the ton, and for several feet, 
in a drift now being opened, to yield $9 a ton. 

The middle opening, which is the location opening on Ozark claim 
No. 1, is a 25- foot open cut in the hanging- wall side of the lode near 
the top of the ridge at an elevation of about 8,050 feet. It shows 
considerable mineralization and moderate values. 

The north or main opening, called the Ozark mine, is toward the 
north end of the property at an elevation of about 7,950 feet, in the 
south bluff of a perennial stream gulch of steep gradient. Here the 
co<nntry rock is the medium to coarse grained porphyritic purple 
rbydUte, and the ground is opened principally by a 60-foot drift in 
the hanging-wall part of the lode. The drift runs 40° S. on what 
Beems to be a contact between thoroughly oxidized normal porphy- 
ritic rhyolite on the footwall side and dark slate-colored fine-grained 
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pyritic rhyolite that seems to be a dike on the hanging-wall side. 
The drift lies mainly in the footwall rock. The walls are mostly 
good. The hanging-wall rock is the more mineralized and contains 
more quartz gangue, which is said to average $7 in gold and silver to 
the ton. The footwall rock also contains fair values. 

The ore varies in color from that of yellowish limonite to dark or 
blackish and though much oxidized it is more or less pyritic through- 
out, with the pyrite finely disseminated. 

At 75 feet east of the 60- foot drift and about 35 feet higher, in the 
footwall side of the lode, a 25-foot drift is run on a steep eastward- 
dipping similar vein or band of oxidized and mineralized rock with 
some quartz gangue ; it is 4 feet thick and is said to contain $3.50 to 
the ton in gold and also some silver. In fact, the Ozark ore in 
general is said to contain about $2 in silver to the ton. 

The cross section of the lode at this place shows also three other 
but less important veins or mineralized bands similar to the two above 
described. To judge from the showing made at this place, where the 
lode is crosscut by the gulch, and at the Foster camp, where it is 
crosscut by the river, the only two places affording good exposures, it 
seems quite possible that the lode may be found to contain other work- 
able deposits of low grade. 

MAMMOTH CLAIM. 

The Mammoth claim is said to be about a mile south of the Ozark 
property and to contain a 15-foot vein which seems to be similar to 
the Ozark and at the surface shows ore assaying from $4 to $9 to 
the ton. 

GUESS GROUP. 

The Guess property, comprising the Guess, Guess Again, Guess 
Fraction, Buster Brown, and other claims (see Pis. XII and XIII, 
p. 66), is located about If miles south-southeast of Jarbridge, higher 
on the mountain slope, east of the Arizona group of the Pavlak 
property. The topography is in part rugged and the coimtry rock 
is the old rhyolite. The property is approximately on the trend 
of the Pick and Shovel, Bluster, Success, Kock Creek, and other veins 
to the southeast and is said to present good surface showings. It i^ 
being opened by a tunnel, starting on the Guess claim on the west. 
The tunnel is said to be in about 70 feet and to have encountered a 
slate formation, supposed to be the wall rock of the vein. On the 
Guess Fraction the company is opening a vein in the quartzite reef 
or "dike" (p. 66), which shows good gold colors. This vein is 
thought to belong to the post-Miocene deposits and is of interest in 
being the first of its kind reported from the sedimentary rocks in the 
Jarbidge district. 
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VULCAN GROUP. 

East of the Guess group and about 1,000 feet higher on the moun- 
tain side is the Vulcan group (PI. XIII), on which a strong vein 
yielding good values is said to be opened by the Jarbidge- Vulcan Min- 
ing Co. 

MAHOGANY MINE. 

The Mahogany mine, also known as the Tacoma group and for- 
merly as the Blake group, comprising the Golden Eagle, Golden 
Queen, and fractions of each (PI. XIII), is about half a mile west of 
Jarbidge, at an elevation of about 6,700 feet, or 650 feet above the 
river. It is in the so-called Mahogany Flats (see PI. II, p. 12), a 
sort of bench in the mountain slope at the head of a short, steep gulch 
that trends south to Bear Creek and is traversed by the Elko mail 
trail. It may be reached by this trail, by a similarly steep trail from 
the lower part of town, or by the Elko wagon road, which begins 
the ascent a short distance farther down the river. The mine is 
owned by the Jarbidge-Taccnna Mining C!o. 

The topography is not rugged. The country rock is the old rhyo- 
lite, stained reddish to reddish brown. It shows considerable altera- 
tion and contains some black obsidian or glass. There are also pres- 
ent bands of dense white and red rocks which are probably dikes of 
later intrusion. 

The deposits are contained in a mineralized zone, or perhaps, more 
correctly, a compound fault zone, several hundred feet in width. 
This zone contains two belts of white outcrops, each belt representing 
a subzone of movement, deposition, and silicification. The zone as 
a whole has a north-south trend. It is in alignment with and may 
represent the northwesterly extension of the Pavlak subvein system 
or its fissures, with which it seems to connect through the veins on 
the Valley View, Ely, and other neighboring properties. The out- 
crops are principally quartz and silicified white rhyolite. They dip 
steeply to the west and are exposed for a distance of 600 feet or more. 
Both belts are more or less mineralized, particularly the easterly or 
lower one, which is said to show values of $1 to $5 in gold for a 
width of 150 feet. 

The deposits at the time of visit were opened by a 50-foot shaft in 
the slope a little below the lower belt. The shaft and dump showed 
mainly reddish-brown stained altered and mineralized rhyolite and 
associated quartz gangue or vein material. It is said to have yielded 
$3.50 to the ton in gold and some silver near the surface and to con- 
tain values only slightly less all the way down. 

AMAZON-RAINBOW GROUP. 

The Amazon-Rainbow property lies li miles south of Jarbidge, 
on the west side of the river. (See PI. XIII.) The deposits are said 
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to occur in a vein 4 feet or more in width, which seems to intersect the 
northwesterly extension of the Pavlak vein. Both the claims and 
the vein trend N. 50° E., parallel with the Buster vein on the oppo- 
site side of the river and about at right angles to those of the Pavlak 
property. 

The property is opened by a drift oa the Amazon vein. This drift 
in the recent part of the work is said to show about 12 feet of more 
or less pyritic good-looking quartz, of which 2 feet pans well in gold. 
In November, 1910, the drift was said to be in 90 feet, and at 100 
feet farther it would strike the intersection of this vein with the 
Pavlak vein at 140 feet below the surface. Recent accoimts state 
that the developments continue in good-looking quartz with the 
values improving and that considerable ore is being blocked out. 

PBOPEBTIES OF THE EAST OB CBATEB OBOtJP. 

LOCATION AND GENERAL CHARACTER. 

The properties of the east or Crater group are located on the veins 
of the east system, which have been described as occurring mostly in 
the upper ea^ slope of the Crater Range. (See PI. II, p. 12.) They 
are comprised in a north-south belt about IJ miles wide and 7 miles 
long extending from Jack Creek on the north nearly throughout the 
series of " craters " to the head of Jarbidge River and the Great 
Basin divide on the south. They were discovered and located later 
than the properties of the west group, mostly late in the spring and 
summer after the snow disappeared from the mountains. 

The veins of this group contrast more or less strongly with those 
of the west group in several important respects. They occupy a 
geologic horizon nearly 2,000 feet higher. They strike more nearly 
north and south and dip steeply to the west instead of to the east. 
They are more regular, with sharply defined, clean-cut, and usually 
free walls. They are more persistent and narrower, from 1 to 4 feet 
being a fair average width. They are closely and definitely ribboned 
or banded and are finer and more uniform in texture. They contain 
very little quartz, being so far as observed composed chiefly of 
adularia, and for this reason the bold silicified outcrops characteristic 
of the western veins are mostly lacking. There is also little of the 
alteration of the wall rock found to be so pronounced in the veins 
of the west system. The gold of the eastern veins is of a lighter 
color and contains much more alloy of silver. 

Some of the individual veins are said to extend almost throughout 
the length of the belt, but lack of time precluded any attempt to fol- 
low them in this work. That some of them have an extent of 2 or 3 
miles, however, seems probable. 

The properties are best reached by way of Jack Creek and East 
Fork from the north, or by crossing the divide from the head of 
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Jarbidge Kiver on the south. By a cUmb of nearly 5,000 feet many 
of the properties can be reached from Jarbidge direct, but there seems 
to be no record of anyone trying this route a second time. 

Recently it has been reported that the True Fissure Co. and others 
are building a wagon road into this part of the district This road 
leaves the Twin Falls road at Three Creek, follows the high lava 
plateau to the rim rod^ at a point about a mile above Robinscm Hole, 
descends into the canyon down Robinson Creek to Robinson Hole on 
East Fork, and ascends East Fork and its tributaries to the several 
properties. 

Owing to their later discovery and comparative difficulty of access 
they are less extensively developed than the properties of the west 
group, but they have been opened at many places, mostly with 
promising results. 

The properties lie mostly in the middle 4 miles of the belt, ex- 
tending from the second to the fifth " crater," inclusive, but a great 
deal of ground has also been staked in the northeastern part of the 
belt on Jack Creek. 

SECOND CRATER. 

In the Second, Horseshoe, or Big Crater, which is the largest of 
all the " craters," situated 3 miles southeast of Jarbidge at the north- 
east base of Jarbidge Peak, at the head of the East Fork of Jack 
Creek (see PI. 11, p. 12), the properties comprise the Howard-McCoy, 
Altitude, Van Alder, Windy, Clay, and Victoria claims or groups, 
among which seemingly the most important openings at the time of 
visit were the Howard-McCoy and the Van Elder, on adjoining 
claims. (See PL V, 5, p. 24.) Here the first strike of high-grade 
ore was made in the " crater section " of the district, and in July this 
strike caused a ru^ to relocate claims. 

The veins on which the Howard-McCoy and Van Alder openings 
are made are reported to extend from the Second to the Fifth Crater, 
inclusive, a distance of 4 miles, through all of which these or similar 
veins are opened or developed. The Howard-McCoy vein is also 
held by some to extend southwestward into Snowslide Gulch, oppo- 
site the Fifth Crater. 

The veins lie from 120 to 150 feet apart and show fair values 
wherever they have been opened. At the Howard-McCoy and Van 
Alder mines the rock in the footwalls appears to be somewhat 
different from that in the hanging walls. 

VAir ALDER xnrx. 

The Van Alder or Windy property (PL XTEI, p. 66), owned and 
located by Mr. Van Alder, of Jarbidge, and operated by the Coeur 
d'Alene-Jarbidge Co., is located in the lower slope of the steep south 
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rim of the " crater," about 160 feet above its floor, at an elevation of 
9,900 feet (PI. V, 5, p. 24), and is being developed chiefly by drift- 
ing. It is on or a trifle below the contact level of a considerable body 
of underlying vertically jointed rhyolite with overlying horizontal 
massive flows. 

Disseminated throughout the rock are minute crystals and grains 
of pyrite, to which the bright brick-red to deep reddish-brown hema- 
tite stain of the weathered surface of the rock is due. 

The f ootwall on the east is a greenish to purplish ash gray, nearly 
aphanitic rhyolite with glassy base. The fault that produced the 
vein fissure appears to be normal, to judge from the drag or upward 
curving of the platy structure in the hanging wall as it nears the 
vein, as shown in Plate V, 5, and figure 3. 

The vein strikes N. 14° W. and dips 70° W. Where exposed at the 

time of visit it is 18 to 20 inches in width and is well banded, being 

composed of 10 or 12 distinct but not persistent 

bands of adularia and quartz, and some included 

wMTi isr crushed and altered rhyolite. Later reports 

^^^ state that in the face of the drift, which has been 

extended to a length of 65 feet, the vein shows a 
I, width of 4 feet and is all good ore. 

The vein shows a sort of comb structure, with the 

' — Ijfj;; — * combs, however, usually closed up solid. Some 

PiGu 3 —Sketch of ^^ ^^^ Crystals are nearly half an inch in length. 

normal fault stmc- The wcst or hanging wall is the purple por- 

mine ^^ ^^"^ ^^^"^ phyritic to agglomeratic phase of the old rhyo- 
lite, with a glassy base having flow structure, 
but so closely packed with phenocrysts of altered feldspar, some 
nearly one- fourth of an inch in diameter, as to present the aspect of 
a medium-grained rock. The quartz, which is but sparingly present 
and occurs only in minute crystals scarcely noticeable to the unaided 
eye, is of the " fish-eye " type. 

The vein is sharply defined, and though in sharp contact with the 
hanging wall it is free and has no gouge. The footwall, on the con- 
trary, carries from 1 to 6 or 8 inches of dull-greenish gouge. 

The gangue in the pure state is of light color, but owing to the 
abundance of hydrated iron it is deeply stained. 

The vein contains a few small parallel dikelets, about one-fourth 
inch in maximum width, of nearly aphanitic rhyolite, one set of 
which is very dark purple or black and the other light purplish gray. 
The lighter dikelets are younger and more abundant. They cut the 
dark dikelets in places and inclose numerous angular fragments 
derived from them. These dikelets obviously belong to the magma 
of the old and not the yoimg lavas and, as shown on page 68, seem to 
indicate that the rock mass of the region was maintained at a rela- 



Digitized by CjOOQIC 



PBOPEBTIES OF THE EAST OB CRATER GROUP. 91 

tively high temperature from the first period of eruption till after 
the dikelets were injected, a conclusion which favors the view of 
the hydrothermal origin of the veins. 

The vein contains also what seems to be a little dark modified slate 
or shale gouge, principally in parallel seams that may have been 
dragged up between the bands by subsequent faulting, or perhaps 
deposited by ascending solutions. At the time of field examination 
these seams were regarded as of sedimentary origin, but it is possible 
that closer work may show them to belong to the dikelets above 
described. 

The vein is said to average about $30 to the ton in gold from wall 
to wall. According to recent reports a fair body of ore has been en- 
countered, from which some of high grade is being sacked for 
shipment 

Much of the gold is finely disseminated throughout the gangue, 
associated with argentite and iron. Some of it also occurs as plating, 
but this phase is better shown in the Howard-McCoy mine, next to 
be described. 

The microscope shows the vein to be composed of about 80 to 90 
per cent of adularia, which exhibits the characteristic pseudomorphic 
laminated structure (PI. IX, p. 56) more or less throughout. The 
adularia occurs mostly in small tabular rhombic crystals and acicu- 
lar forms. Some crystals show good terminal zonal structure, and 
some of the larger crystals seem to be completely replaced by fine- 
grained granular intergrowths of secondary adularia and a little 
quartz. The fracture cracks traversing the thin section are filled 
with brown grains of limonite. 

HOWABD-MoCOY MIHS. 

The Howard-McCoy mine, located on the Altitude claim (PI. 
Xni, p. 66), joins the Van Alder mine on the west, its opening be- 
ing situated about 40 feet higher on the steep rim of the crater, or 
about 200 feet above the floor shown in Plate V, 5 (p. 24). Like the 
Van Alder it is developed mainly by a drift. It is owned and op- 
erated by William Connors, C. B. Howard, and J. A. McCoy. 

The coimtry rock is rhyolite, which on the hanging wall is nearly 
normal but conspicuously porphyritic, with " fish-eye " quartz pheno- 
crysts. Though much iron stained, as on the hanging wall of the 
Van Alder vein, the rock is relatively firm and fresh. The foot- 
wall rock is purple or greenish gray and finer, and resembles the foot- 
wall of the Van Alder mine. 

The vein lies 120 feet west of the Van Alder vein, which it nearly 
parallels. It strikes N. 22° W. and dips from 85° W. to vertical. 
It is regular and sharply defined, with free, clean-cut walls, and is 
from 1 to 8 feet in width. The vein is banded like the Van Alder 
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vein, but not so closely, and is composed of essentially the same mate- 
rials as that vein. It is iron stained, with the ferruginous material 
being particularly concentrated in the seams along the junctions of 
the banding. The vein on the whole looks well and shows much free 
gold, especially as sheets or plating on the faces of jaspery iron- 
stained bands and along the ferruginous seams. Much gold, however, 
is finely disseminated throughout the gangue. Argentite is also 
present. 

VIOTOBIA OBOUP. 

The Victoria group (PI. XIII, p. 66) is situated to the north of the 
Howard-McCoy and Van Alder properties, in the bottom of the 
" crater," at an elevation of about 9,700 feet. Here several openings 
have been made, principally on the Howard-McCoy vein, all showing 
fair values and some of them high-grade ore. The vein here is said 
to maintain its usual strike and dip, and has a width of 2 to 3 feet 
On the Victoria No. 5 considerable ore is reported as being sacked for 
shipment. 

OCETTB D'ALENE-JABBIBOE PBOPEBTY. 

Another apparently promising property is that of the Coeur 
d'Alene-Jarbidge Grold Mining Co., on which considerable develop- 
ment work has been done with good results. Two ore shoots showing 
considerable free gold have been opened, and w(wk by a party of 
8 or 10 men, for which equipments and supplies were installed in 
the autumn of 1910, was carried on throughout the winter. Plans 
were made for soon installing a mill and cyanide plant. The princi- 
pal part of the deposits is in a 4-foot quartz vein, said to carry prom- 
ising values. 

THIRD CRATER. 

The Third Crater is located south of the Second Crater and at ap- 
proximately the same elevation, with its floor at about 9,600 feet 
(See PI. n, p. 12.) It drains eastward into East Fork. In this 
"crater" several new veins are reported to have been discovered 
recently, some of which extend southwestward across the crest of the 
range into Snowslide Gulch, where they are marked by prominent 
outcrops. 

The principal properties opened in or adjacent to this " crater" are 
the Arkansas, Rosebud, Third Peak, Rabbit Foot, and True Fissure. 

ABKAH8A8 PBOPEBTT. 

The Arkansas or Harder vein, on the Arkansas claim, owned and 
operated by R. J. Harder and Bishop Norman, is said to be opened 
by a 70-foot tunnel and shows several feet of ore, some of which 
averages about $40 to the ton. This vein is said to extend southwest- 
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ward across the Arkansas, De Witt, Panorama, Laveda, High Up, 
Vista, and Little Mud claims into Snowslide Gulch. Where it has 
been opened on the Panorama the vein is said to have a width of 
nearly 6 feet and to consist mainly of altered rhyolitic material, with 
2 feet of qnartz on the f ootwall side. 

TMJTE WlBtJTRE OEOVP. 

The True Fissure group, comprising five claims (PL XIII, p. 66), 
is said to extend from the upper rim of the " crater ^ southwestward 
along the crest of the range to the Third or Jumbo Peak, on whose 
north and east slopes it mainly lies. It is owned and operated by 
the True Fissure-Jarbidge Gold Mining Co. and is developed by 
several tunnels, drifts, and open cuts on the main or Third Peak 
vein, shown in figure 2 (p. 49). This vein is said to consist mainly of 
2 to 7 feet of granular soft white sugary quartz between well-defined 
hard bluish " porphyry " walls. At the time of visit the lower drift 
was in more than 155 feet and was said to show good ore all the way 
which pans well in gold and shows some macroscopic free gold. The 
company has done considerable prospecting and development work 
on several other veins. 

At last accounts this property seems to be taking rank among the 
best in the district. The drift has been extended to a length of 185 
feet, throughout which the ore body is continuous in extent and from 
2 to 6 feet in width, and the main outcrops, toward which the drift is 
being carried, still lie 200 feet ahead and several hundred feet above 
its present face. A mill is to be installed near Fall Creek below the 
mine, where there is a good supply of saw timber and water power, 
and the mine and mill are to be connected with the East Fork wagon 
road. 

SHOWBLIDE QX7L0H. 

On the Snowslide Gulch extension of the Arkansas and Third 
Peak veins from Third Crater, on the High Up, Vista, and Pano- 
rama group (PL Xm), Middleton & Eichert are said to have 
recently opened several good ore shoots. In fact, recent recognition 
of the fact that the projected courses of several of the Crater veins, 
as well as a number from the Bonanza Gulch field of the west sys- 
tem, trend in the direction of Snowslide Gulch, whose head is a 
great gash in the steep mountain side, has led to considerable staking 
and develc^ment work in this vicinity. 

FOUKTH CRATER. 

The Fourth Crater lies next south of the Third Crater, at an eleva- 
tion about the same or slightly lower, the upper part of its floor being 
crossed by the 9,200- foot contour. (See PL 11, p. 12.) It drains 
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northeastward into East Fork. The country rock is the old rhyolite. 
The principal properties near this " crater " seem to be the Sugar 
group and the Round Up. 

8V0AB eKOVP. 

The Sugar group, said to consist of nine claims, is owned by Mr. 
McCormick and partners. The vein, which has some prominent out- 
crops, has been opened at several'points with good results and shows 
free coarse gold. 

KOTTND TTP QBOTTP. 

The Eound Up group (PI. XIII, p. 66), on which but little work 
has yet been done, is said to show chiefly good milling ore. 

WHITE aUABTZ VEIV. 

On or near the crest of the divide, at the head of the " crater," and 
striking nearly north and south, parallel with the axis of the range, 
is the White Quartz vein. It is said to be the smallest, most perfect, 
and most sharply defined vein in the district. It is but 15 inches in 
width and is reported to extend for 2 miles or more. 

FIFTH CRATER. 

The Fifth Crater lies next to the Fourth Crater, on the south, at a 
slightly lower elevation, approximately on the 9,200-foot contour. 
(See PI. II, p. 12.) It is just across the narrow divide to the east 
from the East Fork of Jarbidge River and is best reached by the 
Jarbidge Eiver route. It drains northeastward, through Cougar 
Creek, into East Fork. The country rock is the old rhyolite. The 
veins are said to be essentially the same that occur in the Third and 
Fourth craters to the north. The principal property seems to be the 
Wall Street group, consisting of four claims. It has two openings 
on the vein, which is said to contain about 4 feet of mineral-bearing 
quartz. 

Two other properties, owned by Buys & Franklin and Harder & 
Norman, are said to contain some high-grade ore. A good-looking 
vein that is said to occur in the crest of the divide at the head of the 
"crater" is probably the southerly extension of the White Quartz 
vein described above. 

FIRST OR JACK CRATER. 

The First or Jack Crater lies at the head of Jack Creek, north of 
the Second Crater, from which it is separated by a northeast-south- 
west ridge that is in part low and narrow. (See PI. II, p. 12.) It 
is about 2 miles east-southeast of Jarbidge and is easy of access by 
way of Jack Creek. It has about the same elevation as the Second 
Crater, its floor being crossed by the 9,200- foot contour. It drains 
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northward into Jack Creek. The country rock is the old rhyolite. 
The principal veins reported here are the Comet and Camp Bird, on 
both of which development work is being carried on with good results. 
The Comet property consists of a group of claims owned by Fon- 
taine & Cameron Bros., of Jarbidge. The vein is composed chiefly 
of the characteristic quartz-adularia replacement gangue and shows 
free gold. 

JACK CBEEK AREA. 

The Jack Creek area joins the First Crater on the north. It is 
a mile or more wide and extends northwestward down the curved 
course of Jack Creek and its East Fork for a distance of about 3^ 
miles to Jack Hole. The area has a vertical range of 3,000 feet, 
mainly between the 6,000 and 9,000 foot contours. In its upper part 
the topography is rugged and the main streams in part flow in 
canyons. 

The country rock is the old rhyolite, heavily iron stained. 

The deposits occur in about a dozen veins or lodes, some of 
which are shown in figure 2 (p. 49). They include the Big Ledge, 
Fissure, Idaho, Wandolee, Virginia, War Eagle, Georgian, San 
Felipe, Beatty, and others. They mostly strike about northwest and 
dip 70® SW. to 90**. They agree in dip with and are regarded as 
belonging to the east vein system, though they strike more nearly 
parallel with the west system. Some of them have a known length 
of nearly a mile. A number of these deposits are among the most 
recent discoveries of the camp. The existence of some of the veins 
had been known for some time, but they were not thought to contain 
values. 

Among the properties of the area one of the most important and 
most developed seems to be the Big Ledge group. It comprises five 
claims and is located mainly on the Big Ledge vein, 2^ miles north- 
east of Jarbidge and about IJ miles up the creek in a southeasterly 
direction from Jack Hole, above the junction of Jack Creek and its 
East Fork, at an elevation of about 7,500 feet. It is owned chiefly 
by A. E. Bettles, of Jarbidge, by whom the deposits were discovered 
late in 1910, and it is developed mainly by a 40-foot tunnel or drift 
and terminal crosscuts. 

The country rock is the old rhyolite. The vein, as shown in 
figure 2 (p. 49), strikes northwesterly and dips 60° to 85° SW. It 
has a known extent of about half a mile. It outcrops more or less 
prominently on the Big Ledge property for about 100 feet, and from 
outcrops and float found interruptedly along the projection of its 
course it seems to extend into the First or Jack Crater, about 2 miles 
to the southeast, and to connect there with the veins of the east 
system* 
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The vein is composed mainly of the laminated quartz character- 
istic of the district; some of it is hard and glassy. The material is 
said to pan well and. to show scxne free gold. 

In the principal opening on the property the vein has a reported 
width of d feet and contains several shoots of ore averaging about 
$30 to the ton in gold. In an open cut about 700 feet south of the 
main opening the vein shows a width of 7 feet and is said to average 
$6.50 in gold and 4 ounces in silver to the ton. 

Paralleling the Big Ledge vein on the east^ at a distance of 200 
feet, is another vein about 6 feet in width from which samples are 
said to have indicated values of $9 in gold to the ton. At about 400 
feet west of the Big Ledge vein the country rock is traversed by a 
parallel, mineralized, brecciated fault or shear zone from 10 to 20 
feet in width, which is said to be very persistent and to have been 
traced southward into the First and Second "craters." It is com- 
posed principally of finely-crushed "conglomeratic" material or 
breccia, surface assays of which show values of $1 to $2 a ton. This 
" ledge " has not yet been opened. 

Associated with the veins here described are said to be also a couple 
of " cross " veins, seemingly somewhat similar in occurrence to the 
Buster, Amazon, and others of this class on the Pavlak and Bourne 
properties, already described, and forming in a rough way a branch- 
ing or linked system. 

The ores of the Big Ledge group, as a whole, are said to be less 
free milling than any other ores of the Crater system. 

OTHEB ABEAS AND PBOSPECTS. 

Besides the deposits which have been described there are several 
outlying areas in which indications of mineral are reported to be 
good and in which, though they are for the most part situated farther 
from the seat of volcanic eruption, values may reasonably be ex- 
pected to occur. 

On East Fork, to the east of the Crater group of veins, is a belt of 
country some 2 or 3 miles in width in which the indicati(ms of min- 
eral are reported to be favorable but in which no discoveries or 
openings to speak of have yet been made. 

This vicinity includes the eastern foothills of the Crater Range, 
East Fork, and the east side of its valley, in which the tributary 
canyons show the old rhyolites extending eastward beneath the 
covering of young lava. 

Eeports essentially similar to those on the East Fork area are also 
made with regard to a considerable porticm of the upper south slope 
of the Great Basin divide, on the headwaters of Marys and Salmon 
rivers. (See PI. I, p. 10.) This area, it should be noted, contains 
the projected course of the Crater Range, along which the ground 
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seems particolarlj to ocHDmeBd itself for proepecting, for there is 
good reason to believe that the faulting or crustal deformation that 
permitted the outpooring of die laras of the Crater Range extended 
far south of the Grreat Basin divide. 

Values are abo rq>orted as beiBg found at ihe head of De^ Creek, 
in the western part of tiie district. 

A new strike was recently made on the west side of Jarbidge River 
just south of Pine Creek, where about 2 feet of well-mineralized 
quartz, ccmtained in sxt 8-foot vein, is said to pan well and show free 
gold. 

Recently several promising discoveries have been reported from 
the head of Bear Creek and seem to be important in confirming the 
exteasicm of the deposits into the southwestern part of the district. 
Among the new strikes are the Mohawk vein, which is said to be a 
well-defined vein, about & feet in width, and much of which assays 
about $7 to the ton, mo^^ly in gold. 

In January, 1911, a strike of silver and copper ore made 8 miles 
southwest of Jarbidge, on Coon Creek, which drains westward into 
Bruneau Riv^, was rep<Hi»d to be attracting considerable attention. 
The deposits of this strike seem obviously to belong to the early or 
Cretaceous group, associated with the older rocks and their granitic 
intrusioos. 

PLACEB DBPOSITS. 

No workable placers have yet been found in the Jarbidge district. 
Their apparent absence is remarkable, considering the plentifulness 
of the lode gold and the great depths to which the valleys are worn 
down into the gold-bearing veins and rocks. 

Fine gold is, of course, sparingly present in practically all the 
recent stream gravels, but thus far the gravels have received little 
attention. At the time of visit the gravels were being prospected 
on a moderate scale on Jarbidge River, mainly at a point about 1^ 
miles below the town, or half a mile below the forest station, by the 
Park City (Utah) Placer Co. The deposits here, measured from 
rim rock to rim rock, have a width of about 600 feet and, as shown 
in the bottom of the workings, a thickness of more than 14 feet, 
including a 5-foot terrace on the east. They are the normal old 
rhyolite stream gravels described as alluvial deposits on page 33 and 
are opened by about 50 feet of trenches and a pit. A pan of the 
gravels taken from the bottom of the trench and washed by the 
writer gave ccMisiderable fine black sand and three colors of fine 
gold. The operators report that colors are found in nearly all the 
gravels and that the deeper strata frequently yield ten or a dozen 
colors to the pan, but the colors are all fine. This is encouraging, 
however, and leads to the hope that on bedrock the gold may be 
11840*— Bull. 497—12 7 
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coarser and may occur in such quantities as to render the ground 
workable. Sinking to bedrock at this place is rendered difficult and 
had at the time of visit been delayed by the water of the river perco- 
lating through the gravel. The same difficulty, it is said, led to the 
abandonment of an attempt to prospect the gravel some years ago. 

The company reports that there is an increase in the amount of 
gold and particularly the number of colors downstream from this 
place. At the mouth of Buck Creek, in the piedmont plain, some 8 
or 10 miles below Jarbidge, similar gravels worked by this company 
often yield from 60 to 70 fine colors to the pan. 

Some of the ice-laid deposits of till, or ground moraine, described 
imder "Geology" (p. 32), may likewise be auriferous, though as 
yet they have received no consideration. The deposits which most 
commend themselves to prospectors* attention are those which have 
accumulated on the downstream sides of areas containing promising 
ore-bearing veins or lodes, of which Snowslide Gulch is an example. 

To judge from the geologic history of the district, it is also quite 
possible that on the outskirts, particularly on the north, buried stream 
placers may exist beneath the young or rim-rock lava covering. Such 
placers were formed during the intervolcanic period of erosion and 
are of early Pliocene age. Except in places where they were derived 
from the richer portions of the surface on which the veins were first 
exposed, the deposits are probably similar in character and grade to 
the present stream deposits and were laid down on slopes of gentle 
gradient favorable to their accumulation. 
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THE CONTACT DISTRICT. 

OEOGRAPHT. 

LOCATION. 

The Contact mining district * (Pis. I, p. 10; XTV) is in the north- 
eastern part of Elko County, Nev. (see fig. 1, p. 12), about 35 miles 
east of the Jarbidge district. The town of Contact, the principal 
settlement, is near the center of the district, about 15 miles south of 
the Idaho State line and 40 miles west of the Utah boundary. It 
is 35 miles from Eogerson, the nearest railway station on the Oregon 
Short Line, to the north ; about 50 miles from Wells, on the South- 
em Pacific Railroad and Western Pacific Railway, to the south ; and 
80 miles north^st of Elko, the county seat. 

The district lies on the headwaters of Salmon River, which, taking 
its rise in the mountainous belt that divides the Great Basin from 
the Snake River plain, after doubling back on the first 20 miles of 
its course (see PI. I, p. 10), flows in a northerly direction and joins 
the Snake at Lewis Ferry, about 50 miles north of the Idaho State 
line and 20 miles below Shoshone Falls. 

TOPOGBAPHY AND DBAINAGE. 

The district lies in the Nevada Plateau and, broadly characterized, 
is an elongated quaquaversal produced by the updoming of Paleo- 
zoic sedimentary rocks by an underlying intrusive granitic mass 
from whose intracontact area all the sedimentary rocks have been 
removed. The floor of the basin has been lowered by erosion to a 
considerable depth into the granodiorite. 

The mountains are of the rounded massive type. Of these the 
principal landmarks are Ellen D., China, and Middle Stack moun- 
tains, situated about 8 miles apart, in the western, southern, and 
northeastern parts of the district, respectively, at the apices of an 
equilateral triangle (Pis. XIV, XV). Important secondary points 

^ Legally Contact Is in the Salmon River mining district, which was organised in 1009 
and extends from the eighth standard parallel, 25 miles sooth of Contact, range comers 
62. 63, 67, and 68, 42 miles northward to the Idaho State line, having a width of 30 
miles. Up to that time the country to the southeast of Salmon River was in the Kit 
Carson and Portls districts; for example, the Hanks-Boston property, in the northern 
or Middle Stack Mountain part of the Contact area, was patented and recorded in the 
Kit Carson district, and the southern or ^Chlna Mountain portion of the Contact area 
lay in the Portls district ; about 18 miles to the southeast of Contact began the Delano 
dirtrict. ^ 
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are Blancbard Mountain, toward the southeast, and Toano J(, 
Peak/ on the east. The latter occupies a commanding position f 
is visible from the vicinity of Kogerson and other points 60 m T^ 
distant. 

These mountains are all on the CJontact zone (PL XIV) and c 
their existence to uplift and induration of the rocks by me 
morphism and silicification. Other subordinate but conspicu< \ / 
features are inlying flat-topped lava-capped butte«. of ^vhich Ta \ / 
Mountain, near Old Contact, one like it west of San Jacinto, * /\^ 
similar ones on Meadow and Trout creeks are examples. 

Salmon Eiver, the master stream of the area, flows through it ii 
northerly direction in a narrow but generally open valley flooe 
with lake beds and gravel. This valley is from half a mile to a mi 
or more in width, and its sides rise in furrowed, more or less d^bn 
covered slopes which in Ellen D., China, and Middle Stack moul 
tains culminate, respectively, at 8,500, 84OO, and 7,900 feet above tl 
sea, or a maximum of 3,150 feet above the valley. The rise from tk 
river westward to the top of Ellen D. Mountain is ntiade in a h(^ 
zontal distance of ^ miles, or 700 feet to the mile. The grade t 
the top of China Mountain is about 917 feet to the mile and to tb 
top of Middle Stack Mountain about 670 feet to the mile. 

The central east-west granitic belt of the area, diown on Plat! 
XIV, has a width of about 6 miles and a known length of 2S miles. 
It presents, as is shown in the foreground in Plate XV, B^ a rough 
though not generally rugged adolescent topography as developed in 
an arid climate. 

This belt seems to represent an elongated dome-shaped mass, now 
truncated and deeply eroded, so that in general it is below the level 
of the surrounding rocks. For convenience it may be referred to in 
this report as the basin. In fact, the rocks Along the peripheral con- 
tact of the granodiorite form a more or less continuous ridge, the 
peaks of which constitute the highest features of the district, over- 
looking on the one hand the low interior basin and on the other, witn 
gentler slope, a more elevated lava plateau. The roughest topog- 
raphy of the granitic area is in the southwest, between the head- 
waters of Meadow and Trout creeks. Here the broad ridge extend- 
ing northeastward from China Mountain bristles with sharp peaks 
and pinnacles which are commonly known as the White Peaks and 
are so designated oa the General Land Office map. 

Nearly encircling the basin or central belt of granitic rocks is a 
zone from 1 mile to several miles wide, of hilly but gentler topog- 
raphy (PI. XVI, ^) in a quaquaversal belt of Paleozoic sediments 
that dip away from the basin. In places the inward-fadng edges 01 
these upturned rocks form scarps, as at China and Ellen D- m^^ 

^ Said to be 80 named after an Indian chlet 
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A. PALO ALTO MINE AND MIDDLE STACK MOUNTAIN. 

The mine is in the left foreground with basal quartzite croppings extending to right of center; Middle 
Stack Mountain, 7,900 feet in elevation, is in the far center beyond Salmon River valley, with its 
whitish limestone contact between intrabasin granodiorite area on right and Paleozoic sedimentary 
rocks, forming main and higher mass of mountains, on left. View from Delano Hill. 



B. VIEW SHOWING TOPOGRAPHY OF GRANODIORITE BOWLDERY SURFACE AREA (IN FORE- 
GROUND) AND ELLEN D. MOUNTAIN, 8,500 FEET IN ELEVATION (IN BACKGROUND). 

From point northwest of Ivy Wilson camp, looking N. 10° W. up Thompson Gulch. The mountain is 
composed chiefly of Paleozoic sedimentary rocks. 
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A. TOPOGRAPHY IN ERODED PALEOZOIC SEDIMENTARY ROCK BELT. CHIEFLY LIMESTONE, 
IN CHINA MOUNTAIN AREA ON THE WAR EAGLE MINE. 

Looking N. 550 W. 



B. LAKE BEDS OF TUFFACEOUS SANDSTONE (HUMBOLDT FORMATION. PLIOCENE). 
KNOLL CREEK VALLEY. 

Looking north-northea»t nearly up the valley; H. D. Range, chiefly Paleozoic sedimentary rock*, in 

light background. 
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tains, but mom oomnoolj tfaey oatcrop as long, sloping ridges. In 
some places, as at Gima Mountain, the scarps are ccMnpound, their 
seyeral members beiog suroHxuited by narrow dip-plane benches. 

Sorronnding the sedimentary aone is an area at brown liiyolit^c 
lavas whidi is continuous with the Jarbidge and Elk Mountain lava 
field on the west and with the Snake River lava plains on the north. 

The prevailing topographic forms in these lavas are benched 
mesas, scarps, box canyons, and sharp V-shaped gulches, depending 
on the local character and attitude of the flows, which are nearly 
horizontal or gently tilted. Inliers of these lavas also cap isolated 
flat-topped buttes, as at Table Mountain, just southwest of the old 
town of Contact. 

Other subordinate features occurring in certain of the valleys are 
miniature badland forms carved in horizontal lake beds of whitish 
or light-colored soft friable ^^ sandstone" or water-laid volcanic 
tuff, as on Ejioll Creek, in the southeastern part of the district 
(PI. XVI, B). The creek takes its name from the many knolls 
carved from this formation, some of which resemble the snow huts 
of an Eskimo village. 

Salmon River is formed by many small tributaries whose sources 
lie chiefly in the southeast slope of the Elk Mountain ridge and in 
adjacent parts of the Jarbidge Mountains on the west. Of these 
the most important, b^inning on the northeast, are Wilson, Lime, 
Pole, Cottonwood, Canyon, Camp, and Deer creeks. 

At Contact the river has a nearly graded course. It flows in a 
shallow channel simk only a few feet below the general surface of the 
valley and is said to carry 5,000 miner's inches of water at its lowest 
stage. In the southwestern part of the district the river is joined by 
Jake Creek, which, with its tributary, EjioU Creek, drains the south- 
central part of the district. In its course through the middle part 
of the district the river receives the drainage of several gulches, most 
of which are dry during the summer. They are Thompson, Bluejay, 
and Town* gulches on the west and McDuffy Gulch and Meadow 
Creek on the east. They all lie in the granitic area, which is liber- 
ally dotted with excellent small springs of water. 

About a mile north of San Jacinto the river is joined by Trout 
Creek, an important tributary, which, rising on the southwest near 
the crest of the Great Basin divide, drains the eastern part of the area. 

CUMATE. 

The climate is broadly similar to that of other upland districts in 
the Great Basin region near the Snake River valley. Although more 
arid it otherwise differs but little from that of the Jarbidge district. 

^ As this gakeh seeais to be nimuned. It Is here called Town Gulch, from the tect that 
the old, the new, and the lower towns of Contact are located on it 
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It^ifflbearly rainless, with only a moderate snowfall in winter, much 
lesglthan occurs in the Jarbidge district. The summers are long but 

./lot hot, though there is a great daily temperature range during the 
Midsummer months. In the mountains frost may occur on almost 

!*any night in the year. 

VEGETATION. 

The region, as shown in Plates XVI, J., and XVII, is for the most 
part a treeless desert covered with a scattered growth of sagebrush, 
scrub oak, mahogany, and other shrubs. Fair growths of willow and 
Cottonwood flourish along Salmon River and the larger creeks and 
forage grass grows in the valleys and on favorable slopes, especially 
in the granitic belt. The river flats are utilized for grazing and the 
raising of hay. 

HISTORY AND PRESENT CONDITIONS. 

Complete records of the district are not available. In 1897 an old 
claim notice dated 1870 and signed James Moran was found by 
W. T. McArdle inscribed on a monument on the north contact belt 
east of the river, from which it is probable that indications of ore 
were found prior to that date. The early prospecting up to the 
middle seventies was solely for gold. 

In 1876 the China Mountain deposits were located by an official 
of the Southern Pacific Co., who enlisted the services of three parties 
of Chinamen on commission and sunk several 50- foot shafts in search 
of copper, with encouraging results. 

About 1880 copper ore was shipped from the Boston mine, <m the 
north or Middle Stack contact, to Swansea, Wales, and to Boston. 

During the decade that followed the coimtry lay dormant until 
about 1887, when the Jules Verne and Midnight claims produced 
and shipped to Swansea, Wales, a carload of copper ore, and the 
Hanks property was located and bonded to an English syndicate 
by a German. In 1888 the present Delano group was located by 
Messrs. Hickey, Delano, Ayres, and Hechathin; in 1889 or 1890 the 
Brooklyn property by Messrs. Warwick, English, and two others; 
and about 1891 the Empire mine, which turned out well, by Mr. 
Dewith, and soon after the Copper Queen by Mr. Susettie, all being 
located for copper. It is also reported that about 1888 the Bostcm 
Copper Co. did about $20,000 worth of development work in the dis- 
trict, concerning which, however, nothing definite was learned. This 
was the extent of the camp until about 1895, when its activity was 
revived by the immigration of 60 or 70 men, making a total of more 
than 100 men working in various parts of the district The present 
Ivy Wilson and Zetta Blanchard groups were located by W. T. Mc- 
Ardle, who in the following year mined and shipped from the Hanks 
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U. 8. GEOLOGICAL SURVEY 



BULLETIN 497 PLATE XVIII 



A, VIEW OF OLD CONTACT. 

In Town Gulch, with sheeted granodiorite butte on right and Delano openings in hill of Paleozoic 
sedimentary rocks on left. Looking N. 75^ E. 



B. CHARACTERISTIC SEDENTARY BOWLDERS PRODUCED BY WEATHERING OF THE 
GRANODIORITE IN THE CONTACT DISTRICT. 

Looking southeast on Thompson Gulch and Bonanza road above White's camp. 
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property 8 carloads of ore that assayed 24 per cent of copper and 14 
ounces of silver to the ton. In 1896 Mr. Bourne, of Wells, father of 
the well-known Jarbidge Bourne, located the Mammoth and ad- 
joining claims on the east, and almost simultaneously the present 
B<Mianza property, under the name Dolly B., was located by Messrs. 
Coleman, Moore, and Thompson, of whom the first named located 
the Father de Smet property of Hearst fame in the Black Hills. In 
the same year the Lucky Boy group, later known as the Emerald 
and now also as the Winnemucca group, was located by Mr. Arm- 
strong. In 1896-97, with local aid in which 20 men contributed 
$100 each, a 50-ton smelter of the water-jacket type was installed 
about a mile south of the present new town, near the river, by the 
Salmon River Mining Co., of which S. P. Kemper, of Butte, Mont, 
was president, but the plant did not prove a success, and after a 
trial of three different runs, starting April 1, and a production of 
14 tons of 98 per cent copper, from ore obtained principally from 
the Bluebird mine, was closed and has remained so to the present. 

Soon after the trial of the smelter Mr. Kemper formed a company 
of the prospectors and miners in camp, with the view of mining the 
Brooklyn, Empire, and other properties and making a success of the 
smelter, but as the project was not successful and the members of the 
company could not keep up their assessments, Mr. Kemper, it is said, 
became sole owner of both mines and smelter. After failing to ac- 
quire also the Delano group, he closed the Brooklyn mine, which at 
that time was making one of the best showings in the camp. After 
this suspension of operations the population by 1898 fell to but 20 
or 25 men, and the district slumbered until 1905, when, with only 
five men in camp and no companies working, there began a gradual 
revival of activity. By 1908 there were about 300 people in the 
camp, owing chiefly to the starting of operations on the Ivy Wilson 
group by the United States Mining Co. and on the Bonanza group 
by its owner. At present the camp has a population of about 100 
people. 

The principal settlement is the new town of Contact, of about two 
years' growth (PI. XVII), favorably situated on a gentle slope about 
half a mile west of and 200 feet above the river. The place known 
as Old Contact or Old Town (PL XVllI, A) Is now nearly deserted. 

Bailroad facilities seem likely to be soon supplied by the extension 
of the Oregon Short Line branch now in operation from Twin Falls 
to Bogerson, Idaho. The line has been surveyed southward up the 
Salmon River valley to Valley Pass, Nev., a point on the Southern 
Pacific Bailroad between Cobre and Wells. The route is said to be 
feasible, and when completed the line will pass directly through the 
Contact district. At present, owing to the occupancy of the valley 
flats, under range fence, by the Vineyard Land & Stock Co., to the 
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exclusion of small ranohes, all supplies and ordmary ranch produce 
have to be freighted by wagon from the railroads. 

The Twin Falls Power Co. has a briach plant at the Salmon River 
dam 30 miles north of Contact, and offers to supply the camp with 
poww at reasonable rates. The Ccmtact Power & Milling Co. con- 
templates the development of home power by the installation of a 
dam and plant on tli« river in the box canyon of the lava area a few 
miles west of Ellen D. Mountain. 

GEOLOGY. 

Like much of the Great Basin on the south, the Shoshone or Snake 
Biver basin on the north, and the Jarbidge district on the west, the 
Contact district lies in an u*ea of folded and tiked sedimentary 
rocks, mostly Paleozoic, cut by granular intrusives and flooded by 
Tertiary lavas. (See PI. XIV, p. 100.) 

The rock groups of the district, beginning with t^ oldest, are 
Paleozoic sedimentary rocks, post-Paleozoic granitic intrusive rocks. 
Tertiary lavas. Tertiary lake beds, and Quaternary deposits. Of 
these the most important, with reference to the mineral deposits, 
are the post-Paleozoic granitic intrusive rocks and the Paleozoic sedi- 
ments. Except that the old rhyolite of the Jarbidge district is ab- 
sent and that lake beds are present, the geologic section at Contact is 
similar to that of the Jarbidge district. 

SEDIMENT AK7 BOCKB. 
PAI4BOZOIO BOOKS. 

The Paleozoic sedimentary rocks which formerly covered the en- 
tire district now form merely an outward quaquaversaEy dipping belt 
encircling the granitic basin, as shown on Plate XIV. The belt 
ranges from a mile to several miles in width, the sedimentary rocks 
being in part underlain and intruded by the granitic rocks on the 
inner side and overlain by the Tertiary lavas on the outer side. 

The rocks as exposed do not appear to be over 1,600 feet thick, as 
shown in the sections of Ellen D. Mountain and on the Ivy Wilson 
ground on the west. It is possible, however, that further field work 
may show a greater thickness between Old Contact and the northern 
edge of the area mapped. 

The rocks exposed, however, do not necessarily constitute the entire 
section of the Paleozoic in this district, for if the granitic mass, as has 
been suggested by Purington* and Bailey,* represents a laccolitii, 
the basal part of the sedimentary section must be deeply buried under 
the granitic intrusive. From the areal extent of the grano^Borite, 

iPurin^on, C. W., Proc. Colorado Scl. Soc., yoL 7, 1903, p. 130; also Eng. and Mln. 
Jour., vol. 76, 1903. p. 426. 

• BaUey, J. T., Bng. and Mln. Jonr.. yoI. 76. 1908. p. 612. 
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which oocnpieB a belt S6 miles or more in kngdi and 6 nules in 
width, and from its exposure tfaroagh a vertical range of more than 
3,600 leet witiiout revealing any trace of sedimentary beds, it appears 
probable that the granodiorite may be a sto<& or batholitii. The 
absence from the snnxmnding region of any section of the Paleozoic 
Todss of mudi greato: thickness than that exposed in the district is 
also imfaveraUe to the laccoiithic view. At Elk Mountain, 12 miles 
to &e northwest (see PL I, p. 10) , the PiUeozoic section is about the 
same as in the Contact district. Further light will probably be ehed 
on this subject when study is made of the H. D. Bixkgej to the east, 
where the Paleozoic rodcs appear to be displayed on a grander scale, 
with peiiiaps a much thicker section. 

In EUen D. Mountain the rocks dip north at angles near 20° or 
lie neariy horizontal. On the Ivy Wilson and Bryan claims they 
are mostly on edge or highly tilted. Elsewhere they are variously 
deformed, distorted, fcdded, faulted, and brecciated. Some ap- 
ptti«titly detached portions of the strata, with steep inward dip, 
appear to be inclosed in the granitic mass, as indicated in the left part 
of section B-B', on Plate XIV. 

In some places the contact is therefore compound and comprises a 
zone several hundred feet wide in which bands of limestone or other 
sedimentary beds alternate with bands of granodiorite. This is par- 
ticularly true of much of the contact on the northwest, extending 
from a point near the river 6 miles westward to Bonanaa Gulch. 

The oontaot, like some of the sedimentary beds, in places also dips 
inward toward the granodiorite, but wherever it has been followed for 
a few hundred feet in depth it straightens or assames the normal out- 
ward dip, as at the Brooklyn mine. 

No detailed examination of t^e Paleozoic ro<^ could be made in 
the time allotted to this work. So far as observed the exposed por- 
tion of the section consists principally of alternating beds of blue 
and white limestones, quartzites, and slate or dark slaty and shaly 
quartzite. In dese^iiding order the members are essentially as fel- 
lows: 

Section of Paleozoic rocks in Contact district^ 

Granodiorite. p^o^ 

8. litmestone 

7. Wbite UmestODe 

6. Bluish limestone 

5. Heavy qoartaite 

4. Black limestone 

3. Beddlah limestone shale 

2. Slate or dark slaty to shaly qnartzite SOd 

1. QuartBite, basal (7) 200 

1 Nofl. 8 to 8 principally from inf onnatioii mippUed by J. Y. M a r shall. 
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The basal quartzite, as shown on the Bryan ground, has a thick- 
ness of about 200 feet and, as shown both here and on Strawberry 
Hill, on the Ivy Wilson ground, is a thick-bedded hard pinkish-gray 
rock, which weathers reddish brown. 

The limestone varies from thin to thick bedded and, where in con- 
tact with the intrusive granodiorite, is usually silicified, gametized, 
and in places chloritic or almost completely changed to diopside, with 
which are associated scapolite, calcite, and other metamorphic min- 
erals. 

In some places, however, the limestone near the granodiorite is 
but slightly altered ; elsewhere it is highly metamorphosed for a dis- 
tance of 1,600 feet or more from the contact. Most of the indications 
of ore occur in the altered and replaced limestone. The sedimentary 
rocks are cut also by dikes of syenite, monzonite, aplite, and riiyoUte 
or felsite. (See pp. 109-112.) 

No fossil remains were found in these Paleozoic rocks, but from 
their lithologic character and general resemblance to the nearest 
Paleozoic rocks of ascertained age,^ which occur 10 miles south of the 
district, the rocks appear to belong to the upper Carboniferous por- 
tion of the Eureka region section. 

TERTIARY LAKE BEDS. 

In the valleys of the district, as well exposed in its southeastern 
part on Knoll Creek (PL XVI, 5), occur water-laid deposits of 
whitish to dull-gray sandstone. This formation rests unconformably 
upon the eroded surface of the Paleozoic sediments, the granodiorite, 
and the Tertiary volcanic rocks and in large part underlies the late 
Quaternary deposits on Salmon River, in the large, gently sloping 
quadrangular embayment between Meadow Creek and Middle Stack 
Mountain (PI. XIV, p. 100) and seemingly also between Meadow 
Creek and McDuffy Gidch. In the undulating hilly country north of 
Middle Stack Mountain the formation occupies the widening valley 
of Trout Creek and, as on BjioII Creek, it appears to extend almost 
to the headwaters of the stream, reaching an elevation of about 6,600 
feet. 

The thickness of the formation, which depends on the underlying 
topography and on the extent of later erosion, varies in places from 
less than a foot to a known maximum of about 400 feet on Knoll 
Creek, although it may locally be much greater. 

The formation for the most part lies nearly horizontal but in 
places is tilted, flexed, and gently folded. It tends to weather in 
bluffs and miniature badland forms, as shown in Plate XVI, B. 

The beds are of various thicknesses and the layers are not sharply 
defined. They are composed of light, friable, almost pumiceous vol- 

^U. & Geol. £xpl. 40th Par., Atlas, Map IV. 
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canic tuff deposited as ash showers in a Tertiary lake. Under the 
microscope the tuff is seen to consist of minute elongated particles 
of glass which along their edges show feeble polarization. There are 
also present a little biotite and hornblende. 

It is possible that some deposits of coarser angular volcanic tuff, 
100 feet or more thick, that occur in the vicinity of Contact and else- 
where, may represent shore or delta deposits associated with the finer 
lake beds, but such connection was not investigated in this work. 

At Contact tuffaceous sandstone of medium grain is penetrated 
by a 72-foot well, with its bottom still in this rock, and at Lower 
Town a 90- foot well is almost wholly in this light tuffaceous sand- 
stone, with some argillaceous material, although its bottom is in 
granodiorite, 60 feet below the level of the river. Water was finally 
obtained here by drilling laterally on a moist seam 20 feet above the 
bottom of the welL 

No fossil remains were found in the lake beds, but from their litho- 
logic character and their relation to the other rocks of the district 
they appear to be of Pliocene age and to belong to the Humboldt 
formation, which occurs extensively in northern Nevada, as de- 
scribed on pages 31-32. According to the Fortieth Parallel Survey,^ 
it covers large areas in northern Nevada, and it is known to extend 
within 8 or 10 miles of the Contact district on the south. 

lONEOXJS BOCKSb 

The igneous rocks of the district comprise several types of granitic 
intrusive and Tertiary volcanic rocks. Of these the oldest and most 
important are the intrusives. 

INTRUSIVE GRANmC ROCKS (CRETACEOUS?). 

The oldest of the granitic rocks is the granodiorite. Economically 
it is also the most important, for the discoveries, prospects, and 
developments are mainly near the contact between the granodiorite 
and the Paleozoic sedimentary rocks, especially limestone. The 
granodiorite area has a width from north to south of 6 miles and a 
length of over 26 miles. Its outline, defined by the surrounding 
Paleozoic sedimentary rocks, is well marked by Ellen D., Middle 
Stack, China, and other prominent mountains. At nearly all these 
places the granodiorite is plainly intrusive into the sediments, which 
it has uplifted with quaquaversal outward dip along the contact. 
From this and other phenomena observed at Ellen D. Mountain, on 
the west, it is evident that the Paleozoic sedimentary rocks formerly 
extended entirely over the granodiorite as a huge elongated anti- 
clinal dome, practically coextensive in area with the present basin* 

* U. S. Geol. Expl. 40th Par., AUas. Map IV. 
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The granodiorite therefore intrudee «nd in part underlies the sur- 
rounding sedimentary rocks. It is locally overlain by Tertiary 
volcanic rocks, Tertiary lake beds, and Quaternary alluvium, luid is 
cut by syenite, monzonite, aplite, and felsite dikes. It is much 
younger than the Paleozoic sedim^tits, and like the granodiorite of 
the Jarbidge district, which it resendbles, is i^'obably of Cretaceous 
or near Cretaoeous age. 

Since its intrusion the granodiorite has suffered considerable dis- 
turbance. It is faulted, fissured, and g^ierally sheeted. Locally, as 
at Ell^i D. Mountain and in the Johnson tunnel on Trout Creek, it 
is sheared and laminated. For instance, in the western part of the 
basin, on Thcwnpson Ghilch, about midway between the Bonanza, 
Brooklyn, and Ivy Wilson mines, it is cut by a pronounced dcmiinant 
N. 70^ E. sheeting with a dip of 80^ S. and by a second Meeting that 
dips steeply to the west. Owing to these structures the rock weathers 
concentrically into huge heaps of sedentary bowlders, as shown in 
Plate XVIII, -ff (p. 102). Examples of shearing and lamination 
occur about a mile east of Old Contact, on the Palo Alto and Bryan 
ground. 

The granodiorite, as well shown at the Brooklyn mine and else- 
where, is a gray, coarsely speckled rock, of medium to moderately 
coarse grain. It contains feldspars two-tenths of an inch in maxi- 
mum diameter, quartz in moderate amount only, biotite, and horn- 
blende crystals one-tenth of an inch in maximum length. Under the 
microscope the rock is seen to have a eugranitic, hypidiomorphic 
granular texture and to be compoeed essentially of plagioclase, 
orthoclase (including microcline), quartz, pale-brown biotite, and 
hornblende. The feldspars show zonal structure. Some are kaolin- 
ized or altered. TTie hornblende is partially altered to chlorite and 
has associated with it considerable magnetite. In certain specimens 
the minerals are bent by dynamic action. The plagioclase is prin- 
cipally oligoclase and stands close to oligoclase-andesine. 

TEBrriARY VOLCANIC KOCKS. 

The Tertiary volcanic rocks occur as flows, with local beds of asso- 
ciated ash or tuff and allied volcanic ejecta, resting unconformably 
upon the Paleozoic sediments and extending outward in all directions 
over the surrounding plateau. They also occur as local inliers within 
the granodiorite area, where they form bluffs along the streams, as 
on Meadow Creek and Salmon River at Lower Ccmtact, or cap flat- 
topped buttes, of which Table Mountain, near Old Contact, the simi- 
lar butte near San Jacinto, and others on Trout Credt near Clark 
Cabin are conspicuous examples. The presence and general accord- 
ance in elevation of these inliers indicate that these lava flows for- 
merly extended continuously over the entire region. 
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The laTas nowhere appear to attaia a great thickness. Their 
thickest section is probably at Ellen D« Mountain^ where, according 
to Purington,^ they have a thickness of about 500 feet The lavas 
occur in thin to moderately thick flows superimposed (me upon an<- 
otlier and in places lowing fine fluxion laminations, from which it 
may be inferred that in the molten state they were very fluid. They 
are mostly dense or aphanitic rocks. On fresh surfaces they are 
bluish gray, and they weather brown. 

These lavas, like the young or rim-rock lavas of the Jarbidge dis- 
trict, have hitherto been commonly known as basalt. Examination, 
however, shows them to be rhyolite very similar to or identical with 
the rim-rock rhyolite of the Jarbidge district, with which, to judge 
from a rapid traverse made between the districts, they appear to be 
practically continuous. Like the rhyolites at Jarbidge, they consist 
essentially of a glassy felsitic groundmass and contain considerable 
tridymite. In fact, so closely does the description of the rhyolites 
of the Jarbidge district apply to these lavas that it would be superflu- 
ous to repeat it here. (See pp. 42-47.) To judge from the overlying 
eroded sediments and associated deposits, the rhyolites of the Con- 
tact district probably contain more ejecta than those at Jarbidge. 

DIKE ROCKS. 
0£AS1S8 AHD GXHBBAL IBATimn. 

The dike rocks observed in the Contact district may be roughly 
grouped into two maiu classes — (1) sy^iitic or siliceous and (2) 
lamprophyric or basic. Both are younger than the granodiorite, 
whidi they cut, as they do also the Paleozoic sedimentary rocks. 
The basic dikes, according to W. T. Mc Ardle * and J. T. Bailey,* are 
younger than the siliceous dikes. As seen on the Bryan ground and 
elsewhere the basic dikes weather down evenly with the inclosing 
rocks, but the siliceous dikes outcrop in places 10 feet or more above 
the surface. 

According to Lindgrwi* — 

It Is weU known that large intmsive areas usually contain a series of dikes 
filled with molten magmas sh<^ly after the consoUdation of the main mass. 
The composition of these dike rocks is very apt to hear a certain r^ation to 
that of the main intrusiye mass, and it is held by some that the dikes represent 
products of differentiation derived from the principal magma. In case of cer- 
tain rocks like nephellne sy^iite, the dike rocks are especially characteristic. 

X Pnrlngton, C W., The Contact, Nerada, qnaqnaveraal : Froc Colormdo Sei. Soc^ toL 7, 
1903. p. 131. 
*0nl commnnlcfttfcm. 

*&ii;. and Min. Joar., ¥ol. 76. 1903; p. 612. map. 

«Ltndgren. Waldemar. The gold and allver yeins of SIlTer City. De Lamar, and other 
; aUfcriets In IdiUia: Twentletk Anm. Bept. H. & GeeU Sorrej. pt. 3, 1»00. p. 85. 
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This statement is characteristically true of the Contact district, in 
which the principal dikes are syenite and syenitic rocks composed 
essentially of orthoclase feldspar, one of tlie principal mineral con- 
stituents of the granodiorite. The dikes include also, however, mon- 
zonitic and aplitic rocks. 

BTEVITIO OB SILIOEOirB DTKZB. 

The syenitic dikes are widely distributed and cut both the grano- 
diorite and the Paleozoic sedimentary rocks. They are more plenti- 
ful or at least are more conspicuous and have been more frequently 
observed in the granodiorite, in which they are usually associated 
with ore deposits. The more feldspathic varieties weather evenly 
with the country rocks (PI. XXIII, J., p. 118). They strike as a rule 
a little north of east. They are mostly from 1 to 3 or 4 feet in width, 
but locally they attain a width of 200 feet or more as shown on the 
Salt Lake ground near Contact and on the Camp Bird claim, 2 miles 
east of the river. 

The rock is generally pale pink or flesh-colored, especially in the 
weathered state, but some varieties are light to iron-gray. It is 
granitic in texture and somewhat closer grained than the granodio- 
rite. In the weathered state it appears somewhat porphyritic, with 
tabular feldspar phenocrysts, whence it is commonly known as por- 
phyry. It is moderately miarolitic, with small cavities some of which 
contain chalcedonic or hyaline silica. The dikes represented on the 
map (PI. XIV, p. 100) are nearly all of this class, particularly in 
the granodiorite area. They are of economic significance from the 
fact that they are usually associated with ore or indications of ore, 
especially in the granodiorite area ; the Shield, Pool, and Camp Bird 
dikes described later are examples. 

The rock is predominantly feldspathic and is composed essentially 
of orthoclase, with usually a smaller quantity of plagioclase, albite, 
etc., very little hornblende or other bisilicates, and, in its typical 
form, little or no quartz. Apatite, octahedrite, magnetite, and rutile 
are present as accessories. A specimen (No. 84) from White Ele- 
phant No. 3 of the Ivy Wilson ground shows the accessory octahe- 
drite or titanium dioxide, TiO^, very plentifully present in pleo- 
chroic, strongly double-refracting striated octahedra and modified 
forms. 

From true syenite the rock in different localities or dikes ranges to 
monzonitic and to siliceous or aplitic varieties. For instance, a speci- 
men from the Pool dike, which cuts the granodiorite near Contact, 
shows this dike to be composed of orthoclase (perthitic) and plagio- 
clase in about equal proportion, a very little quartz, and a moderate 
amount of bisilicate, now represented chiefly by pale-green chlorite. 
The plagioclase corresponds mostly to oligoclase-andesine and the 
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rcK^ seems to stand dose to monzcmite. It contains considerable 
sericite, some being in rosettes. 

Near Clark Cabin, on Trout Creek, the granodiorite is intruded 
by numerous dikes and by a small stock of a light flesh-colored fine- 
grained rock OHnposed of orthoclase, plagioclase, and quartz in about 
equal proportions, with a little disseminated hornblende and a very 
little biotite. It appears to stand between quartz syenite and quartz 
monzcmite. 

On the Camp Bird ground, at the head of McDuffy Gulch, ihe 
granodiorite is cut by a' persistent 200-foot dike of a similar but 
coarser-grained porphyritic rock composed of about 40 per cent each 
of orthoclase and plagioclase, both considerably sericitized, about 20 
per cent of quartz, and but a small amount of bisilicate. This rock 
is apparently a quartz monzonite. 

At the Chinaman mine, in China Mountain, the limestone and the 
granodiorite, which is here ccMuparatively basic, are cut by a fine- 
grained dike that is macroscopically similar to that near Clark 
Cabin, but is composed principally of orthoclase and quartz, with a 
very little plagioclase and apatite, and stands close to aplite. 

LAXFROFHTBIO OB BA8I0 DTKE8. 

The lamprophyric or basic dikes appear to be less plentiful and 
smaller than the syenite dikes. They were observed chiefly in the 
western and northern parts of the district, where they are intrusive 
into both the granodiorite and the sedimentary Paleozoic rocks and 
are said to cut the syenite dikes also. They trend for the most part 
north-UOTthwestward nearly at right angles to the general trend of 
the q^enite dikes. They were observed at several points. On the 
Bryan ground, near Contact, in the gulch to the southeast of the 
shaft, a dike nearly 8 feet wide cuts the quartzite. In the southeast 
base of Ellen D. Mountain a dike of this class is intruded into both the 
granodiorite and the Paleozoic sedimentary rocks ; and at the top of 
the mountain, according to a specimen collected by Sweetser, the 
sedimentary series is cut by a similar dike, possibly the same one. 

The dikes of this class are dark. They range from iron-gray to 
nearly black and are moderately porphyritic, with small phenocrysts 
of pinkish feldspars and dark-brown hornblende in an aphanitic or 
microcrystalline groundmass of plagioclase, hornblende, biotite, and 
usually a moderate amount of quartz, although the dike in the top of 
Ellen D. Mountain shows little if any quartz. The groundmass 
is holocrjrstalline, is nearly equigranular, and shows fluxion struc- 
ture. The plagioclase ranges from oligoclase-andesine to andesine- 
labradorite. The hornblende is in long prisms and much of it is 
chang^ to 'chlorite and epidote. The rock of these dikes is essen- 
tially a hornblende basalt and stands close to camptonite. 



Digitized by VjOOQIC 



112 CONTACT MINING MSTBICT. 

Tbeee dikes are locally called porphyry or bird's-eye porphyry and 
seem to be the dikes described by Purington ^ as lelsiie and by Bailey ' 
as felsitic dikes. 

8UMKABT OF OBOLOQIC HIST O BY. 

During Paleoooic time in the area now corresp(mding to the Con- 
taei district sediments were deposited oa the floor of the ocean as 
mud, silt, carbonate of lime, sand, etc Later these deposits were 
elevated above the sea as shales, limestones, and quartzites, their ele- 
vation premimably being accompanied by deformation, folding, and 
faultily. Of early Mesozoic changes, which, as indicated in nei^ 
boring regions, were probably extensive, no records remain in the 
district Apparently, near tie end of the Cretaceous period, the 
granodiorite batholith was intruded into the Paleozoic rocks, the 
intrusion being accompanied by an anticlinal uplift, particularly 
through the east-west central belt of the district, and by folding, 
faulting, and other defcNrmation. A little later the rocks were in- 
truded by the ^enitic and lamprophyric dikes, which traverse both 
the granodiorite and the Paleozoic sediments. The ore deposition 
appears to have been associated with the intrusion of the granodiorite 
and these dikes and was probably effected by thermal solutions and 
gases that followed the intrusion. 

The intrusion of the granodiorite bathdith, which probably frac- 
tured the overlying Paleozoic rocks, was followed by a long period 
of erosion in whidi the entire arch of the anticline was removed ard 
its limbs truncated to the form of the rim of the granodiorite basin. 

In Tertiary time an outpouring of rhyolitkj lavas flooded the entire 
district and during the later part of this volcanic epoch the low places 
of the district were occupied by lakes in which, among other sediments, 
beds of tuffaceous sandstone, etc., constituting the Humboldt forma- 
tion (Pliocene), were deposited These beds have since been largely 
removed by erosion, which has continued to the present time and 
which, in connection with local transportation of material, in places 
has buried what remains of the lake beds under Quaternary debris 
derived from the surrounding slopes and mountains. 

MINERAL DEPOSITS. 

LOCATION AND aSNSBAL CHABACTEB. 

The mineral deposits of the Contact district occur principally in 
the contact zone of the granodiorite and within the granodiorite area 
in OMmection with the dikes. They lie on a curve nearly 50 miles 

1 Purington, C. W., Eng. and Mln. Jour., vol. 76, 1903, p. 427. 
•Bailey, J. T., Idem, p. 612. 
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long, which from its shape is locally called " the horseshoe." Most 
of them, however, are in the toe of tiie shoe, on the west or town side 
of the river. (See PL XTV, p. 100.) Their general distribution is 
shown in Plates XIX to XXII. 

In the contact zone the deposits occur principally in the limestone 
at or near the contact. They appear to owe their origin to the intru- 
sion of the deep-seated granular rocks, especially to the pneimiato- 
lytic gases and thermal solutions that accompanied and followed the 
intrusion. They are therefore probably of Cretaceous age. 

The region is not characterized by a great variety of minerals. The 
following list gives those that have been observed : 



Actinolita 


ChrysocoUa. 


Octahedrite. 


AUanite. 


Cuprite. 


Orthoclase. 


ApaUte. 


Diopside. 


Plagioclase. 


Aragonite. 


Bpidote. 


Pyrtte. 


Argmtite, 


Galena. 


Pyrolusite. 


Afibestos (?). 


Garnet 


Qnartz. 


Auglte. 


Gold. 


Quartz (secondary) 


Axinlte. 


Hematite. 


EutUe (?). 


Aznrite. 


Hornblende. 


Sea polite. 


Blotite. 


Hyalite. 


Soicite. 


Bomite. 


Ilvaite. 


Specularity 


Calcite. 


Kaolin. 


Spinel (?). 


Cerusite. 


Limonite. 


Titanite. 


Chalcedony. 


Malachite. 


Tourmaline. 


Chaleocite. 


Microcline. 


Vesuvianite. 


Chalcop3rrite. 


Molybdenite. 




Chloropal. 


Muscovite. 





The ores of the district are almost wholly copper ores, but they 
contain also small amounts of silver and gold. Some of the ore — for 
instance, that at the Bryan mine — ^is said to contain as high as 8 
ounces of silver and from $10 to $12 in gold to the ton. The Blue 
Bird ore carries 20 ounces in silver and $2 in gold. In only a few 
places do lead, manganese, and zinc ores occur. 

The ore minerals are malachite, argentite, azurite, chalcopyrite, 
bomite, chrysocolla, chaleocite, cuprite, galena, gold, cerusite, hema- 
tite, and pjrrolusite. Of the copper minerals probably chalcopyrite 
alone is primary, the others being derived from it. 

According to their mode of occurrence, the deposits may be roughly 
grouped into three classes — contact-metamorphic deposits, fissure 
veins, and replacement deposits. It is obvious that some deposits 
can not be assigned to any single class. In some openings deposits 
of two or more of the classes may be present and so intermingled or 
blended as not to be easily separated. A brief description, with ex- 
amples of the different classes, follow& 
11840*— BulL 497—12 8 
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COKTACT-METAMOBPHIC DEFOSITa 

The contact-metamorphic deposits, as shown at the Queen of the 
Hills, Mammoth, Johnson^ Zetta Blanchard, and other openings, con- 
sist essentially of a mixture of carbonates, massive garnet, axinite, 
epidote, calcite, quartz, actinolite, diopside, malachite, azurite, pyrite, 
chalcopyrite, bornite, copper oxides, specularite, hematite, limonite, 
chloropal, molybdenite, muscovite, etc. The minerals are all more 
or less intergrown and, except the oxides, were apparently all formed 
at the same time, probably by the contact metamorphism of the lime- 
stone by the intrusive granodiorite. The metals are copper and sUver, 
with a little gold. The deposits occur on or near the contact of the 
two rocks, usually in the limestone, where they form irregular bodies 
40 feet or more in width. 

Garnet is generally present as a gangue mineral, but it is not so 
plentiful as at first appears. Much of the massive grayish-brown 
gangue mineral throughout the district that has hitherto been taken 
for garnet, even by the trained eye, is found on examination to be 
axinite. The garnet is almost wholly massive. Its occurrence in 
crystalline form is extremely rare ; about the only example observed 
is in the Zetta Blanchard No. 5 shaf t^ where a few fairly well-formed, 
very impure crystals half an inch in maximum diameter were seen 
in a dark-brown or blackish ferruginous gangue. Portions of smaller 
crystals were noted in the axinite-chloropal gangue of the same 
opening. 

An unusual and interesting feature of the deposits is the occur- 
rence of axinite, a rather rare boron-bearing grayish-brown hydrous 
silicate of aluminum and calcium with iron and manganese. It is 
generally present as a gangue mineral throughout the contact zone. 
It shows plentifully in microscopic slides of the Brooklyn, Alice, and 
Zetta Blanchard ores, and specimens from a dozen or more different 
localities, covering all parts of the contact zone, examined chemically 
by W. T. Schaller, gave strong tests for boron, denoting the presence 
of axinite in considerable amount. It forms about 50 per cent of a 
thin section from the yellowish gray-brown gangue portion of the 
deposits in the Alice shaft and about 80 per cent of ore from the 
Zetta Blanchard No. 5 shaft. 

The distinctive features of axinite are the presence of boron, which 
colors the flame green, its acute-edged crystal form, the combina- 
tion of high refractive indices with low double refnu;tion, and its 
good cleavage. In a thin section of ore from the Brooklyn mine the 
refraction of the axinite was found by J. B. Umpleby and Waldemar 
Lindgren to be higher than 1.650 and lower than 1.700, which agrees 
closely with published data. 

Axinite is known to occur here and there on the borders of intru- 
sive granitic and diabase areas, and has been noted by Ransome in 
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the contact zone at Coppereid, Nev.* Hoemer^ regards axinite as 
essentially a pneumatolytic mineral produced by the gases of a 
granitic magma in contact with a highly calcareous rock. If this 
view is correct it would seem that there must have been considerable 
pneumatolytic action in the Contact district, and probably the copper 
with the other ore constituents was introduced at the time of the 
intrusion. 

Chloropal, plentiful in places as a gangue mineral, is a yellowish- 
green or finch-green hydrous silicate of iron and aluminum. It is 
not'an ore of copper, and whatever copper it may contain has prob- 
ably been mechanically introduced. 

A typical specimen of the ore from the Alice shaft in places sug- 
gests crude banding, but as a whole is nearly massive. It is medium 
grained and consists principally of a mixture of malachite and 
azurite with a little chalcopyrite and bomite in a dark iron-stained 
gametiferous axinite-quartz gangue. These constituents are inter- 
grown with leaf -like veinlets of molybdenite, which form a sort of 
mesh. The latter feature is still better shown imder the microscope, 
which also discloses the presence of much microorystalline chalce- 
d<Hiic quartz, pyroxene, mostly altered to epidote and chlorite, and 
veinlets of epidote. 

The contact-metamorphic deposits were the first to be formed, and 
their highly-colored outcrops, stained with copper carbonates, tend 
to convey a strong impression of the mineralization of the district. 
They are seemingly best developed around Ellen D. Mountain and 
China Mountain, but good Rowings also occur in the Middle Stack 
Mountain^ Trout Creek, and Zetta Blanchard areas. 

FISSUBE-VEIN DEPOSITS. 

Though less conspicuous than the contact-metamorphic deposits 
the veins appear to be the more promising. They are more regular 
and persistent. 

After the intrusion of the Paleozoic rocks by the granodiorite the 
rocks were fissured and were subsequently intruded by the dikes 
already described. In the fissures circulating thermal solutions, in 
some cases after the intrusion of the dikes, deposited quartz veins 
containing ore minerals. Some veins follow or parallel the main 
contact, others cut across it nearly at right angles, and others occur 
chiefly in the granodiorite, in association with the dikes. 

The veins appear to be best displayed along the portion of the con- 
tact zone that extends from a point north of Contact westward to 

^ Ransome, F. L., Notes on some mining districts in Hamboldt Coonty, Nev. : Boll. 
V. a Geol. Snrvey No. 414. 1909, p. 64. 

' Hoemer, Thomas, Uber die Axlnitvorkommnisse von Thnm in Sachsen nnd die Bedlng- 
imgen der Axinitbildung aberhaupt : Zeitschr. Deutsch. geol. Gesell., vol. 62, pt. 1, 1910, 
pp. 17-20. 
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the Bonanza mine. Most of them are from 1 to 4 feet wide and 
outcrop boldly from 1 to 8 feet above the surface. They contain little 
or no gouge. Examples are the Antelope vein, about midway be- 
tween the new and old towns, and the veins on the Delano No. 2 and 
Copper King No. 1 claims, just north of Old Contact, all for the 
most part in the granodiorite. 

The filling is glassy quartz, with a little chalcediMiy, and it ccm- 
tains the usual copper-ore minerals chalcopyrite, bornite, malachite, 
azurite, chalcocite, cuprite, and chrysocoUa, all of which were prob- 
ably deposited originaUy as chalcopyrite. Silver and gold are also 
present in small amount, and there is in many places some associated 
molybdenite.* 

It is probable that further work may show that some of tiie veins 
now within the dikes, instead of having been deposited within a 
single dike, were formed alongside of one dike, and that a later dike 
was then intruded between the vein and the granodiorite. 

BEPLACEMENT DEPOSITS. 

In some localities veins normally but a foot or two in width widen 
by replacement of the country rock. This feature was pointed out 
by C. W. Purington ^ in describing a set of narrow veins at Ellen D. 
Mountain which cross the granodiorite contact and in the limestone 
contain ore bodies nearly 50 feet wide. Essentially the same feature 
occurs at Middle Stack Mountain, and in the Delano veins near Old 
Contact J. T. Bailey' obsen^ed.the replacement of quartz by a sili- 
ceous hematite intimately associated with secondary chalcocite, cu- 
prite, and chalcopyrite. ChrysocoUa, azurite, and malachite are also 
present. The replacement is sporadic and is developed best near the 
impervious slate belt where the circulation was arrested. 

Bailey* also describes a vein which is only li feet wide on the 
Delano No. 2 claim, but which on the Alto claim, the circulati(Hi hav- 
ing been arrested or turned back by the impervious slate, has been 
enlarged by replacement of the granodiorite to a maximum width of 
7 feet. 

It is probable that some of the bodies now regarded as ccmtact- 
metamorphic deposits may belong to the replacement class and are 
connected in origin with veins or dikes not yet observed. As noted 
by Purington, it is the under side of the limestone bed that is usually 
the most mineralized or replaced by ore. This is natural and is es- 
pecially to be expected where the deposits are of pneumatolytic ori- 
gin, as appears to be the case in the Contact district, the under side 

^ 

lA more detailed description of the vein ore appears in the section on the Brooklyn 
mine (pp. 117-119). 

s Eng. and Min. Jour., vol. 76, 1903, p. 427. 

• Idem, p. 613. 

«Idem, p. 612. , ' • . . 
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of the beds being the side most exposed to the acti(Hi of the ascending 
mineral-bearing pneumatolytic gases. 

Further details on the deposits are given in the descriptions of the 
different mines and prospects that follow, but as exploitation thus 
far, with a few exceptions, has been only in the oxidized zone, which, 
especially in the granodiorite, seems to extend to about 200 feet in 
depth, most of the openings expose chiefly oxidized ores. 

DETAHiED DESCRIPTIONS OP MINES AND PROSPECTS. 

ZLLEH D. MOITNTAIN ABEA. 

The Ellen D. Mountain or western area comprises the western por- 
tion of the granodiorite batholith and the part of the contact zone 
lying west of the river. It is nearly an equilateral triangle, with 
each side about 5 miles in extent. Some of the more important 
properties in this area are tiie Brooklyn, Delano, Empire, Blue Bird, 
Antelope, Bonanza, Ivy Wilson, Florence, Copper Shield, Yellow 
Girl, and Hickey. 

The principal feature of the geology, as shown on Plate XIV 
(p. 100) , is the curved contact zone with its scarp of Paleozoic rocks 
overlooking the granodiorite. Along the north side of the area the 
Paleozoic rocks are tilted and irregularly disturbed, and on the west, 
as shown on the Ivy Wilson ground, they are steeply upturned or on 
edge, but in the higher part of Ellen D. Mountain they lie for the 
most part nearly horizontal or dip gently northwest 

The area contains deposits of all three classes and the most exten- 
sive and deepest developments of the district The general distribu- 
tion of the deposits is shown on the vein and claim maps. Plates XIX 
and XXIL They occur mainly in association with the contact zone 
and with dikes principally in the granodiorite. 

BROOKLYN MINE. 

Among the deeper openings is the Brooklyn mine, situated on the 
open, gently eastward sloping ridge of Ellen D. Mountain, about a 
mile west of Old Contact, at an elevation of about 6,300 feet. (See 
Pis. XIV, p. 100; XXin, B.) The property was located in 1889 or 
1890 for copper by Messrs. Warwick, English, and two other partners. 
It is owned by the Brooklyn Mining Co. It is developed principally 
by a 210-foot shaft, a 300- foot crosscut tunnel driven from the bot- 
tom of the shaft northeastward into the mountain, with a depth of 
300 feet at the face, and a 300-foot " tunnel " or drift which starts 
to the northeast about 90 feet above the shaft and is driven N. 65° W. 
on the contact and vein. The principal equipment is a 15-horsepower 
gasolene hoist, which is housed. The shaft is well timbered, is in 
good condition, and was unwatered in 1909. The water level stands 
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at about 90 feet below the surface. The mine could not be entered 
at the time of visit. 

The production, which is not large, was not learned. Some ore 
was produced when the Contact smelter was in operation. The 
mine is on the so-called Brooklyn vein or main granodiorite and 
Paleozoic rock contact, which is here compound. The principal 
Paleozoic member at this point is the white limestone, but an inlier 
or detached band of blue limestone is also included in the granodio- 
rite. The blue band, according to Bailey,* is metamorphosed, silici- 
fied, and chloritic, and where encountered in the 300-foot crosscut its 
jimction with the granodiorite shows secondary quartz with bomite. 

The shaft was sunk in the granodiorite, then supposed to be the 
hanging wall, at a point several hundred feet from the contact, with 
the expectation of striking the vein in depth, as at the surface the 
vein dips inward or south toward the granodiorite. The dip, however, 
seems to steepen rapidly below the surface^ for, after sinking 210 feet 
and crosscutting 300 feet from the bottom of the shaft, the vein was 
encoimtered on the contact, with granodiorite forming the footwall 
and limestone the hanging wall. The mineralization or ore was 
mostly in the limestone and in the 25-foot winze in the bottom of the 
mine. At the end of the crosscut the vein, it is said, stands about 
vertical, has a width of about 8 feet, and contains a shoot or streak 
of rich bomite-chalcopyrite ore 10 to 25 inches wide, which is va- 
riously reported to range from 3^ to 25 per cent in copper, with 
moderate values in gold and silver. These reports are borne out by 
the ore seen on the dump, most of which would by estimate run about 
15 per cent. There are said to be two veins, one on the granodiorite 
side of the contact and one on the limestone side. 

It seems very probable, also, from the amount of garnetiferous 
axinite-epidote gangue material on the dump, the width of the lode, 
and the reports of much ore in the limestone and of two veins — one 
on each side of the contact — ^that the deposits are contact-metamorphic 
as well as fissure- vein deposits. 

The principal part of the ore as seen on the dimip is a mixture of 
fine-grained or massive chalcopyrite and bomite with a nearly glassy 
vein quartz and is in part crudely streaked or banded. Honeycombed 
masses composed of skeletal casts show that the quartz has here and 
there replaced bunches of finely crystalline caldte. 

A microscopic section shows most of the gangue to be characteristic 
vein quartz in which the chalcopyrite occurs irregularly or connect- 
edly as filling, both massive and in cuboidal crystals and grains. The 
bomite occurs mainly as irregular inclusions or filling within and as 
veinlets traversing the chalcopyrite and seems to be secondary. With 

^ Bailey, J. T^ The ore deposits of Contact, Nev. : Eng. and Min. Jonr., vol. 76, 1903, 
p. 612i 
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A. ORE-BEARING SYENITE DIKE CUTTING COUNTRY-ROCK 
GRANODIORITE ON PORTLAND GROUND. 

Looking west. 



B. BROOKLYN MINE. LOOKING N. 65° E. 
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it occurs also considerable axinite and some impure massive garnet. 
Ifinute chalcedonic veinlets are sparingly present. 

At the mouth of the tunnel the ledge shows a mineralized width of 
about 8 feet and contains carbonates and oxide of copper in sheeted 
granodlorite, apparently with associated syenite dikes. This mineral- 
ization, however, does not seem to continue more than 40 or 50 feet 
beyond the portal. Near the vein in the bottom of the mine thin 
seams and plates of native copper occur in the granodiorite. 

ALUSN AND DELANO CLAIMS. 

In its easterly extension from the Brooklyn ground the Brooklyn 
vein, or the contact representing it, traverses successively the Allen 
No. 2 and Delano No. 1 claims of the Delano group ; thence, curving 
southeastward, it is regarded as the same vein on which the Bryan 
shaft is located, to the east of the Palo Alto ground. 

In the Allen No. 2 claim a 40- foot crosscut tunnel shows the lode 
to have a mineralized width of about 100 feet and to consist of alter- 
nating bands of altered and mineralized granitic rock and thin layers 
of limestone, all capped with gossan, as on the Brooklyn claim. To 
the east of this tunnel a 10-foot shaft shows considerable 8 per cent 
carbonate of copper ore, with no wall yet reached. 

On the Allen No. 2 and Delano No. 1 claims this lode is paralleled 
by a similar vein or lode which lies about 200 feet distant on the 
south, and on the Delano No. 1, where the country rock is chiefly 
whitish limestone, both lodes are opened by shafts 50 feet or more 
deep and make a fair showing of ore containing red and black oxides 
with carbonates. The ore is said to average about 50 per cent in 
copper and to be some of the best in the district. 

EMPIBE MINE. 

The Empire mine is about half a mile southwest of Old Contact, 
on open patented ground. It was located by Mr. Dewith in 1891 and 
is now owned by the Salmon River Mining Co. It is developed by 
a 360-foot shaft, reported to be the deepest opening in the district. 
The shaft is simk in the granodiorite about one-fourth mile from the 
limestone contact, which occurs on the Brooklyn ground, on the north. 
It is on a ** fissure vein " which dips steeply to the south, into the 
granodiorite, and is said to continue strong throughout the depth of 
the shaft. The mine was worked at the time the smelter was operated 
&nd c(mtributed ore to it in 1886, but since then, after a breakdown 
of the pump and some caving in at tlie bottom of the shaft, the 
property has been idle. 

To the northeast the vein seems to traverse the Arkansas and 
Western Union claims of the Delano group, and to the southwest the 
Empire extension and other ground. 
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PALO ALTO MINE. 



The Palo Alto mine is about half a mUe east of Old Contact and 
the same distance northwest of the new town, at an elevation of 
5,900 feet, on the inner slope of the basin rim. (See Pis. XIV and 
XV, Aj p. 100.) It was discovered in 1894 and 1895, and is now 
owned by the Nevada Copper Mining, Milling & Power Co. 

It is developed by a 292-foot shaft, a 150-foot crosscut timnel, 300 
feet of drift, and 100 feet or more of crosscuts and stopes distributed 
on four levels, the whole being said to have cost more than $8,000. 
The 50-foot level contains the crosscut tunnel, 150 feet of drift, and 
50 feet of crosscut; the 100- foot level, 30 feet of drift and 50 feet of 
crosscut; the 290-foot level, 125 feet of drift and 25 feet of crosscut; 
and the 250- foot level has 30 feet of stope. 

The mine has produced about 300 tons of ore, most of which aver- 
aged about 32 per cent in copper, with $3 in gold and 8 ounces of 
silver to the ton. The ore was shipped to Selby and elsewhere, and 
considerable ore now lies on the dump. 

The mine is in the contact zone, within a few hundred feet of the 
main granodiorite body. The contact here is more or less irregular 
and compound. The country rock is chiefly dark coarse Paleozoic 
slate with some associated pinkish quartzite. The crosscut tunnel 
starts in the quartzite, which is the same as that at the Bryan mine 
and is shown in the two outcrops proceeding from center to right 
about on a level with the lower dump in Plate XV, A (p. 100). The 
slate is blocky and seamed with calcite. The rocks are upturned and 
dip toward the contact or granodiorite at angles of about 75°. They 
are intruded by radial dikes, tongues, or sheets of granodiorite which 
seem to be offshoots from the main mass and which, following the 
nearly vertical bedding or cleavage planes of the slate, thin out as 
they recede from the main contact. 

The deposits are contained in a small fissure vein in one of the* 40- 
foot dikes or sheets of the granodiorite in the upper part of the mine 
and the shaft is sunk on the vein, which dips steeply to the south, 
about parallel with the sedimentary rocks and the dike. In depth, 
however, the dike seems to thin out, as does also the fissure, which 
ends at the lower contact of the dike with the impervious slate, with 
the result that the lower 200 feet of the shaft and other workings are 
in barren slate, approximately as shown in a diagram by Bailey.^ 
The best prospect for ore on this property would seem to be to follow 
the vein westward into the granodiorite, away from which and from 
other dikes the slate seems to be barren. 

This vein is thought to be the same vein as that on which the Blue 
Bird, Copper King No. 2, and other openings on the Delano group 
are located. 

^Eng. and Min. Jour., vol. 76, 1903, p. 613. 
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BLUE BIBD MINE. 

The Blue Bird mine is two-thirds of a mile northwest of Contact 
and about one-fourth mile northeast of the Palo Alto mine. It is 
on open ground, on the outer slope of the contact-zone ridge, at an 
elevation of about 5,800 feet. The property comprises a group of 12 
claims and, like the Palo Alto, is owned by the Nevada Copper Min- 
ing, Milling & Power Co., of Contact, with headquarters in Tacoma, 
Wash. 

This mine was discovered in 1884 and located by A. J. and Isaac 
Reed and William Southard. It is developed mainly by a southwest- 
erly 70° incline with chambers and crosscuts. 

The total production was not learned. From an ore heap, of which 
300 tons of principally 8 to 10 per cent carbonate ore still lies on the 
dump, 100 tons of ore shipped to the Selby and Contact smelters is 
said to have averaged respectively 32 per cent and 17 per cent of cop- 
per and about 20 ounces of silver and $2 in gold to the ton. 

The deposit is located about 1,200 feet out from the main contact, 
seemingly in a northeast-southwest fissure in whitish limestone, in 
which it seems largely to be a replacement; perhaps it is also in 
part a replacement of a dike. On the north the limestone is bounded 
by a band of quartzite which, toward the north side of the claim, is 
in turn succeeded by limestone. 

The limestone at the mine is in part silicified or associated with 
quartzite. The deposit dips about 60° SE. toward the contact. The 
ore body in genernl has a width of 1 to 3 feet, but in places it exceeds 
the width of the shaft. 

On the 60- foot level the ledge seems to be cut off by a cross fault or 
"watercourse,'' but crosscuts extended to the southeast may show 
ore. In the watercourse extensive deposition of quartz and calcite 
has silicified the adjoining limestone. 

The ore contains principally malachite, red and black copper 
oxides, and some chalcocite or glance. A brown banded phase of it 
locally known as " copper silicate " is said to run high in copper 
values. The deposit seems to contain several thousand tons of ore 
that can be shipped as soon as railway facilities become available. 

DELANO AND OOPFEB KING CLAIMS. 

The Delano group, comprising eight claims and trending for three 
daim lengths in an east-west direction, centers a little northwest of 
Old Contact. It was mostly discovered and located late in the eighties 
by Messrs. Hickey, Delano, Ayers, and Hechatin, and since 1905 has 
been owned by the Seattle-Contact Copper Co., with headquarters at 
Seattle and Contact. The deposits on the north tier of claims have 
been described under the heading "Allen and Delano claims" (p. 119). 
Those on the middle tier, the Delano No. 2 and Copper King Nos. 1 
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and 2 claims, contain two veins regarded as the westerly extensions 
of the Palo Alto and Blue Bird veins. These veins, situated about 
150 feet apart and nearly parallel, after traversing the Delano No. 2 
and Copper King No. 1 in a westerly direction, seem to unite finally 
on Copper King No. 2, whence the deposits continue westward across 
the Bell claim as a single vein. This vein, taken in connection with 
the Palo Alto or southern of the two veins east of the junction, is 
said to be continuously and plainly traceable by the copper carbonate 
color of the quartz croppings for a distance of about 8,000 feet On 
the Delano No. 2 ground, however, the veins seem to be materially 
interrupted or pinched by the impervious slate. On the Copper 
King claims they lie in the granodiorite and make a considerable 
showing. 

The vein filling is the glassy quartz ; and the mineralization, which 
is sporadic, as suggested by Bailey,^ seems to be a replacement of the 
quartz by siliceous reddish-brown hematite intimately associated with 
tiie secondary copper minerals, chalcocite, copper oxides, chalcopyrite, 
and chrysocolla ; the carbonates azurite and malachite are also present. 

On Copper King No. 2 the Palo Alto vein dips about 70® S., is 
from about 1 to 3 feet in width, and contains considerable 5 per cent 
copper ore, with small values in gold and silver. The ore contains 
brown and black copper oxides, chrysocolla, and chalcocite or glance 
in kidneys and lenses, some ranging as high as 60 per cent in copper. 
Here the principal opening is a 200- foot crosscut tunnel, all in west- 
ward-dipping sheeted granodiorite intruded by parallel medium- 
grained pinkish syenitic dikes. The tunnel lacks but 40 feet to 
reach the Palo Alto vein, and at about 30 feet from the face it cuts a 
14-inch blind quartz vein containing a little copper. The tunnel is 
in part old work, but it is in good shape. 

On the east end of the Copper King No. 1, at an elevation of about 
6,000 feet, at the upper " tunnel," the Palo Alto vein dips 60° S., and 
it is opened by a 200- foot drift run toward the west Here the vein 
is about 6 feet wide, has a quartz gangue filling, and carries about 2 
feet of copper ore which is best on the hanging-wall side. 

At the lower tunnel, which is about 70 feet lower on the slope, the 
vein is opened by a 260- foot drift, in which the ore, said to be more 
than 3,000 tons, is left blocked out in the mine, except about 50 tons, 
which has fallen down. Here also the vein is about 6 feet wide and 
is confined by fairly good granodiorite walls which have locally 
almost 2 feet of kaolinized gouge on either side. 

ANTELOPE MINE. 

The Antelope mine is about one-third of a mile northwest of 
Contact, on open ground. It is on the Worth claim, formerly the 

^ Eng. and Min. Jour., yol. 76, 1003, p. 618. 
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Starlight. The property was discovered about 1898 and was recently 
sold by Ludnow Kroof to the present owner, the Antelope Mining 
Co., of Contact, said to be incorporated. It is developed by 200 feet 
of tunnel and about 100 feet of sliaft, the deepest shaft being about 
60 feet deep. The company is planning for continuous and more 
extensive developments. 

The mine is now working on a small scale near the middle of the 
property, mainly through an 80-foot tunnel that opens on Town 
Gulch. In July, 1910, a carload of high-grade ore that averaged 
$101 to the ton was shipped from this mine to Salt Lake. A carload 
of ore was shipped some years ago from a 125-foot tunnel on the 
northeast end of the claim, with good returns. 

The country rock is the granodiorite. The mine is about 600 feet 
from the nearest contact, at which the intruded rocks are the Paleo- 
zoic pulplish-pink quartzite and dark slate, the same as on the Bryan 
ground to the north. This mine is of special interest in4>eing a type 
of the producing and promising deposits occurring in the grano- 
diorite and seemingly not associated with the contact zone. The 
granodiorite is sheeted in a northeast-southwest direction about par- 
allel with the vein. 

The main workings are on the Antelope vein, which has also been 
called the Jules Verne vein. The vein dips south, away from the 
contact at angles of about 80°. Its outcrop or those of the silicified 
granodiorite, particularly on the south or hanging wall, rise in 
places 8 feet above the surface, or about 70 feet above the portal of 
the timnel. It has a width of about 2 feet. The filling or gangue 
is glassy quartz in which, mostly in a pay streak or ore shoot from 6 
inches to 2 feet in width, are contained the usual copper carbonates 
and red and black oxides. Besides the copper the ore contains about 
6 ounces of silver to the ton and some gold. The bottom of the shaft 
seems to be entering the sulphide zone. 

To the northeast, on the London claim, the Antelope vein is opened 
by a 30-foot shaft with a reported fair showing, and on the south- 
west it traverses the Jules Verne ground, where in 1887, together 
with the Midnight claim, it produced and shipped to Swansea, Wales, 
a carload of copper ore. 

About 75 feet north of the Antelope vem and paralleling it m 
strike, but with about vertical dip, is a similar vein, from 1 foot to 
several feet in width, which, where opened by a shaft on the Antelope 
ground, is said to yield assays of 47 per cent of copper, with 6 ounces 
of silver and $11.60 in gold to the ton. 

QUEEN OF THE HILLS PROSPECT. 

The Queen of the Hills prospect is about a mile west of Old Con- 
tact and about half a mile west of the Brooklyn mine, on open 
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ground in a low hill at an elevation of 6,500 feet. It is owned by 
the Nevada Copper Mining, Milling & Power Co. and is located on 
the westward extension of the same main contact between grano- 
diorite and white silicified limestone or quartzite as the Brooklyn 
mine. /The prospect is opened by a 60- foot drift extending eastward 
on the contact in the upper slope of the hill, and a winze 20 feet in 
length sunk to a depth of 6 feet below the floor of the drift In- 
cluding an open cut to the right or south, the openings show the 
deposit to have a width of at least 10 feet. It consists mostly of 
reddish, brownish, and greenish stained gossan-like gametiferous 
calcitic gangue, containing considerable iron and copper oxides, 
malachite, chalcopyrite, bomite, etc, and seems to be of the contact- 
metamorphic type. By reason of the coloration, the opening pre- 
sents an impressive showing. 

^ RATTLER PROSPECT. 

About 200 feet north of the Queen of the Hills opening is a lode 
or mineralized belt 120 feet wide known as the Rattler " vein," which 
seems to be an easterly spur or offshoot from the main contact. It 
follows approximately the strike of the limestone in which it occurs 
and which the contact traverses obliquely. The limestone, which 
here consists of heavy-bedded white and thin-layered blue rock, 
stands about vertical or dips steeply to the south-southeast, toward 
the granodiorite. The lode is exposed in a gulch which cuts across 
it. It is similarly exposed in a gulch about one-eighth of a mile 
to the west, but in the intervening ridge it disappears beneath the 
limestone, in whose beds at greater depth its mineralization occurs. 
Its exposure in the gulches therefore seems to mark approximately 
the upward limit to which the contact mineralization due to the 
granodiorite penetrated in the limestone at this place. The extent 
of this mineralization above the granodiorite will probably be dis- 
closed in future underground work. 

Toward its west end, at about 100 feet in from the contact, the 
Rattler property is opened by a 40-foot cut and winze, and shows 
considerable copper carbonate and oxide in gametized granodiorite 
with associated syenitic dikes. 

MAMMOTH AND NEIGHBORING PROSPECTS. 

From the Queen of the Hills and the Rattler prospects the min- 
eralization continues interruptedly westward along the contact in the 
south slope of Ellen D. Mountain for a distance of about 2J miles to 
the Bonanza mine. The zone varies from 100 to several hundred 
feet in width and contains two or more contacts ; in other words, the 
contact in places is compound, with outlying or detached vertical 
bands of limestone contained in the granodiorite and with here and 
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there associated parallel and transverse dikes and veins. The ground 
is mostly owned by the Nevada Mining, Milling & Power Co. and is 
in the prospect stage. 

Among the openings on the east are the Alice and Magnolia. On 
the Alice ground, which is opened by a shaft, the lode for about 400 
feet parallels the Rattler lode on the north and dips 75° S. toward the 
granodiorite. The ore, which is said to average well in copper and 
silver, contains some molybdenite and epidote and occurs mostly in 
streaks or bands in a siliceous gangue of axinite, epidote, hematite, 
and garnet, of which axinite and the brown acicular epidote seem to 
^constitute about 50 per cent, garnet being only sparingly present. 

Farther west, on the Magnolia ground, which contains two parallel 
lodes at the contact of granodiorite and white limestone, separated by 
150 feet of graiiodiorite and dipping steeply to the south, the princi- 
pal opening is a 40- foot crosscut tunnel on the south lode, mostly in 
the limestone. The north or main contact lode, regarded as the exten- 
sion of the Battler lode, has a width of about 25 feet and consists 
mostly of a brownish to greenish gangue of axinite, garnet, and chlo- 
ropal, with a good carbonate and copper oxide ore. 

One of the most important showings on this part of the contact 
zone seems to be that of the Mammoth. It is about 3 miles west of 
Old Contact, at the head of Bluejay Gulch, on the open, steep slope 
of Ellen D. Mountain, at an elevation of about 7,200 feet This 
daim, with several others to the east, was located about 1896 by Mr. 
Bourne, father of D. A. Bourne, of Jarbidge. The principal opening 
is a 60- foot shaft on the south contact, or lode, which has a width of 
about 20 feet and dips normally outward to the north. The shaft 
inclines 60^ N. It starts in the hanging-wall side of the lode and 
strikes the granodiorite footwall at a depth of about 60 feet, whence 
downward there $eems to be a decrease in angle of dip, which appar- 
ently tends to conform with the gentler dip of the rocks to the north 
in the mountain. 

The deposit consists principally of a brownish and greenish oxi- 
dized massive axinite -garnet- quartz -chloropal gangue thoroughly 
penetrated by bomite, chalcopyrite, chalcocite, copper carbonates, 
chrysocoUa, and some associated molybdenite. The ore favors the 
inner, footwall, or more massive granodiorite side of the lode, and 
here later developments are said to show that the deposit in depth 
becomes more permeated with bomite. The outcrop or capping to 
the depth of 3 feet is particularly gametized. About 75 tons of 7 per 
cent copper ore lies on the dump. 

Higher on the slope, to the northwest, about 400 feet from the main 
contact on which the 60- foot shaft above described is simk, is another 
deposit exposed by a cut-short tunnel-winze opening (PL XXV, 5, p. 
152) showing a lode width of 20 feet. The structure dips normally 
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25® N. and the lode carries the usual ore minerals, especially the cop- 
per carbonates and oxides, contained in a massive gametiferous 
gangue in darkish or blue country-rock limestone. 

Adjoining the Mammoth ground on the west, on the main contact, 
is the Blue Lode claim containing a lode 20 feet wide on the contact 
of granodiorite and hard limestone^ with associated siliceous syenitic 
dikes. It is opened by a 40- foot crosscut tunnel and a 20-foot shaft 
The deposit consists principally of gametiferous-looking gangue con- 
taining the usual ore minerals, which, however, do not seem to be 
strong in copper, 20 tons on the dump being reported to average 
about 5 per cent. 

Of the transverse deposits, usually veinlike or dikelike in character, 
which are more or less indirectly associated with the contact zone in 
this part of the field, those of the Junction and New York groups, 
which lie in the granodiorite, may be mentioned. The so-called 
Jimction vein, as shown on Plates XIX and XXII, starts on or near 
the main line of contact on the Maggie ground, and extends in a 
southwesterly direction continuously, it is said, for more than 2 miles 
to the west-side contact at the north end of the Ivy Wilson group. 
It is from 2 to 4 feet in width, is usually well banded, dips about 65° 
SE., and is associated with siliceous syenitic dikes. It is said to 
carry considerable good ore, much of it averaging about 25 per cent 
in copper. 

Some outcrops and an opening on the New York vein, which is 
said to be similar to the Junction vein, are shown in Plate XXTV, A. 

BONANZA MINE. 

The Bonanza mine is situated about 4 miles west of Old Contact, 
in Bonanza Canyon, which drains the southwestern slope of Ellen D. 
Mountain into Sahnon Kiver. (See Pis. XIV, p. 100; XXIV, B.) 
Although the canyon has a depth of several himdred feet, it is gen- 
erally V-shaped and the topography is not rugged. The mine and 
camp are reached by a wagon road of easy grade. The mine is 
among the early discoveries of the district. It was located in 1896 
as the Dolly B. by Messrs. Coleman (locator of the Father de Smet 
mine in the Black Hills), Moore, and Thompson. The property 
comprises a group of 14 claims and several fractions, all surveyed, 
as shown on Plate XIX It is owned by Samuel J. Sneider, of Min- 
neapolis, Minn., by whom most of the development work was recently 
done. A small force of men was at work in the summer of 1910. 
The developments comprise about 500 feet of tunnel or drift, two 
shafts 60 and 45 feet deep, a 50-foot and an 80-foot winze, a 100-foot 
and a 45-foot crosscut, and a 50-foot upraise. 

Owing to the location of the mine in the canyon, a valuable feature 
in obtaining depth on the deposits by tunnels or drifts, instead of 
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A. NEW YORK VEIN OUTCROP AND OPENINGS. LOOKING NORTH. 



B. BONANZA MINE AND CAMP IN BONANZA GULCH. LOOKING N. 20° E. 
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the more expensive method of sinking shafts, the work is distributed 
through a vertical range of about 350 feet, from an elevation of about 
7,100 feet in the bottom of the canyon to 7,450 feet on the ridge to 
the east. 

The property is mainly on the contact of granodiorite and Paleo- 
zoic rock at the western extremity of the granodiorite batholith, 
whidi at this point, by reason of the gentle northerly dip of the con- 
tact and the depth of the canyon that cuts across it, forms an up- 
stream embayment of the granodiorite in the sedimentary rocks. 

Except about 400 feet of limestone next to the granodiorite at the 
base of the section, the sedimentary rocks seem to be mainly dark 
quartzite or siliceous slate. The principal openings are near the 
apex of the embayment or arc in the bottom of the canyon near camp 
(PL XXIV, B). Here the two lower timnels are driven, one to the 
northeast and one to the northwest, both chiefly in the granodiorite. 
The east tunnel has a length of about 225 feet, the last 30 feet lying 
beyond the contact in dark limestone, which is timbered. At the face 
the timnel contains a 50-foot winze, from the bottom of which ex- 
tends a 100- foot crosscut in a northerly direction, with a 10- foot lode 
of 2 per cent copper ore, consisting chiefly of bomite and chalcopyrite 
in a dull greenish and brownish gray siliceous and gametiferous hard 
massive gangue. Some ore, consisting mostly of malachite and bom- 
ite in 6 to 8 inch bodies, occurs also in the winze just beyond the con- 
tact, which is slickensided and barren. 

On the opposite side of the canyon the west tunnel, which is 202 
feet long, strikes the contact at about 114 feet from the portal. At 
this point there is an 80-foot winze with carbonate and oxide ore 
and a 40-foot crosscut driven farther into the limestone with a body 
of sulphide ore dipping 20° N. At the face of the tunnel there is 
a 50-foot upraise with an 8-foot bed of carbonate and sulphide ore 
in a hard gangue composed of siliceous dendritic hematite, massive 
garnet, quartz, calcite, and chloropal, which in places is profusely 
and finely seamed or veined with secondary calcite. 

Fr(Mn the exposures in these two tunnels there seem therefore to 
De at least two separate lodes or ore bodies in the mine, and these 
lodes seem to occur also, in part, at least, in the upper workings. 

In the upper west workings an inclined winze shows about a 10- 
loot lode or bed of low-grade ore dipping gently to the northwest, 
^hich by replacement seems to have penetrated the medium or heavy 
bedded linaestone. It consists mostly of copper carbonates, oxides, 
and sulphides, with associated molybdenite, in a gametiferous 
8*i^e, The footwall or underlying limestone is irregularly crushed, 
crudely bedded, and highly stained yellowish, greenish, and black by 
iron, manganese, diloropal, garnet, and associated green ^nd blue 
copper carbonates. 
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The upper east tunnel, which is about 75 feet above the lower 
tunnel and just above the road, extends northeastward for 60 feet, 
chiefly in whitish limestone which dips 30® to 40° W. At the portal 
this tunnel shows the 20- foot mineralized " lead " or lode, which is 
reported to average about 4 per cent in copper. A carload of the 
ore, presumably sorted, shipped to Salt Lake, yielded 24 per cent of 
copper. The lode at this point is traversed diagonally by a dark, 
medium-grained, moderately pcwphyritic dike 4 to 8 feet wide which 
seems to stand near monzonite and which also, as a result of replace- 
ment, contains good ore. This dike in general is said to acccMiipany 
the contact zone in a similar manner across the Bonanza group, par- 
ticularly west of the canyon, where it shows a darker phase. 

At the top of the ridge east of the mine, about 350 feet above the 
lower workings, on claim No. 2, the coatsLct croppings, opened by a 
series of shallow ^i Echelon open cuts, show a mineralized zc«ie about 
40 feet in width, or 60 feet across the surface, composed of nine or ten 
members, including several porphyritic dikes. The gangue is in gen- 
eral siliceous and gametiferous and in certain members, notably in 
those favoring the granodiorite side, it is sparingly ore bearing, the 
usual copper carbonate and sulphide minerals being c(mspicuously 
present. 

In the southwestern part of the property, on claim No. 4, in the 
contact zone, a 60- foot shaft is said to show a " vein " containing 
about 5 feet of sulphide ore in a mixed siliceous gametiferous gangue, 
with well-defined walls. The dip is outward or normal, to the west, 
and is steep, as the contact steepens after leaving the mine, as it 
curves and goes south. 

Striking about north and south through the Bonanza Fraction 
claim, in the granodiorite, is a reported fissure vein 30 inches wide 
with a quartz gangue, dipping steeply to the west and carrying con- 
siderable copper ore, mostly in the carbonate form and averaging 
about 25 per cent in copper. It is in line with the mine, where it 
has apparently not yet been observed and may lie buried in the bot- 
tom of the canyon. Claims Nos. 3, 5, and 6, to the east, are said to 
be located on similar fissure veins, all in granodiorite and trending 
northward, at about right angles to the ccMitact Claim No. 7 is 
said to contain a similar 30-inch fissure vein dipping southwestwArd 
in a large lode and is opened by a 15-foot shaft. 

About one-fifth of a mile southwest of the Bonanza mine and camp, 
south of the point where the wagon road crosses the ridge, the grano- 
diorite is intruded by a stock of the whitish siliceous syenite or aplitic 
rock that appears to form the prominent butte or knob studding the 
ridge at that point, and it seems probable that the fif^sure veins above 
described, whether associated with dikes or not, may be genetically 
connected with this siliceous intrusive rock, as are probably the Poole, 
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Shield, and other dikes and veins on the Salt Lake and neighboring 
groond southwest of the town. 

IVY WILSON GROUP. 

The Ivy Wilson group is located on the western contact zone, 5 
miles southwest of Contact, in the west^n part of the area. It is 
chiefly on the soirthem part of the long^ sloping ridge that extends 
from Ell^i D. Mountain southward to the river, between Salmon 
River on the southwest and Th(»npson Gulch on the northeast. 

The property is about one-^ird of a mile wide, trends in a north- 
west-southeast direction for a distance of nearly 2 miles, and ranges 
from about 5^500 to 6,700 feet in elevation. The camp, ocwnmonly 
known as the United States camp, is located three-fourths of a mile 
to the east, at a spring, on a line of claims known as the White 
Elephant claims, which follow, mineral-bearing syenite dikes in the 
granodiorite. These dikes dip northwest. Associated with them in 
places are veins or other mineral deposits. For instance, on the White 
Elephant Na 1 claim is a small vein cmnposed diiefly of copper 
carbonate. 

The topoigraphy is rough but not rugged, llie grwmd is easy of 
access. It was discovered and partly staked about 1880, and was 
located by W. T. McArdle, of Contact, the present ownw, in 1895, 
about which time it supplied some ore to the C<mtact smelter. Very 
little substantial work was done, however, until recently, when the 
property was taken over by the United States Mining Co., of Salt 
Lake, which has steadily prosecuted development work and at the 
time of vi^t was operating with a party of 15 men. The company 
expects to continue operations for some time to come. 

The property comprises a group of 22 surveyed claims (PI. XIX, 
p. 112), the (^>enings or prospects on which are commonly referred 
to collectively as the McArdle mines. It is developed principally by 
four tunnels aggregating 1,100 feet, of which the IcHigest is 400 feet 
and the shortest 160 feet long. The production, which was not 
learned, can not have been large. 

The property is located principally on the west or outer side of 
the contact zone of the granodiorite intruded into the Paleozoic lime- 
stone and other Paleozoic sedimentary rocks. These limestones, next 
to the contact, form a north-south belt having a known width of about 
three-foui'ths of a mile, and for the first 1,200 or 1,500 feet the beds 
are on edge or steeply upturned and in general highly altered by 
contact metamorphism, being in some places completely marmarized 
and in others almost wholly changed to diopside and other minerak. 
Locally, the beds are crushed and slickensided and show considerable 
disturbance. They are generally, in places profusely, intruded by 
granodiorite and syenite sheets, dikes, and masses. These intrusions 
11840**— BjaU, 497—12 ^9 
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are particularly plentiful on the Ivy Wilson claims Nos. 3 and 4, 
where the limestone in the top of the hill is intercalated or ribbed 
with them. 

The contact approximately follows the ridge, which is relatively 
steep faced on the east or inner side, but slopes more gently toward 
Salmon River on the west or outer side. 

The deposits are principally of the contact-metamorphic and re- 
placement types and occur mainly on the sedimentary side of the 
contact zone, but they are less closely confined to the contact than 
the deposits heretofore described, being more widely and sporad- 
ically distributed in the limestone in a belt 1,200 feet or more wide. 
The greater width of this belt and the greater degree of metamor- 
phism may be due in some measure to the fact that the zone here lies 
about 1,000 feet lower than it does on the north and was probably 
about this amount more deeply buried at the time of the intrusion. 

Ivy Wilson claim No. 9, situated on the contact near the middle of 
the group, is opened principally by what is known as the granite 
tunnel and a shaft. The tunnel has a length of 260 feet and a maxi- 
mum depth of several hundred feet at the axis of the ridge it under- 
cuts. The first 200 feet lie in the granodiorite and the remainder in 
limestone. The limestone is more or less crystalline, silicified, and 
slightly gametized, and most of it is so completely crushed that the 
structure of the beds is not determinable. The contact, however, dips 
about 80° abnormally, in toward the basin, and its crushed and 
slickensided condition shows it to be much disturbed and more or 
less faulted. At about 150 feet in from the portal the limestone is 
cut by a 1-foot dike of the fine-grained phase of the syenite dipping 
25° E. into the basin. 

At and in the shaft, which is several hundred feet above the tim- 
nel, the limestone dips 65° outward, to the west-southwest, and ex- 
poses a partly mineralized lode (?) 8 feet wide, containing several 
4-inch stringers of copper carbonate alternating with 6 to 8 inch 
bands of gametiferous rock or gangue, but the lode does not seem to 
connect with the gametiferous band in the crest of the ridge over the 
tunnel. The limestone here is more or less crystalline, silicified, and 
otherwise altered by metamorphism to very fine grained or dense 
light-colored aphanitic silicate rock resembling quartzite, flint, or 
chert. 

The old-time shaft on Ivy Wilson claim No. 5, which contributed 
ore to the Contact smelter some years ago, has a depth of 60 feet, 
of which 40 feet is in a mineralized brecciated zone of dark country- 
rock granodiorite, with which is associated a 15-inch dike of partly 
mineralized syenite porphyry. 

On Ivy Wilson claim No. 1, among other openings, is a 40-foot 
shaft and below it a 400- foot tunnel showing a 40-foot lens or bed of 
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low-grade ore. The shaft shows also iron-capped carbonates on a 
4-foot vein (?) or mineral band containing also other copper-ore 
minerals. The tunnel is mostly in limestone and beneath the ^aft 
shows the 40-foot lens of low-grade copper ore with a little asbestos 
in a blacki^ gametiferous gangue. 

A 16-foot shaft on Ivy Wilscm claim No. 4 opens a good-looking 
cross-fissure vein which has been traced westward for more than 200 
feet and seems to be among the best showings of the group. 

On Ivy Wilson claiip No. 8, in metamorphosed limestone at about 
500 feet from the contact, occurs a peculiar deposit of copper-pitch 
ore or impure chrysocoUa consisting apparently of a breccia of dark- 
brown or blackish siliceous copper-bearing hematite of vitreous 
luster, the fragments of which are firmly cemented, principally with 
impure chrysocoUa, and which contains, besides disseminated chal- 
copyrite, copper in chemical combination with the hematite. The 
deposit is massive and contains angular druses nearly an inch in 
maximum diameter lined with finely crystalline silica. A 30-foot 
shaft sunk on the deposit is reported to be all in good ore, which is 
said to be very hard to drill. There are no outcrops or surface 
features to indicate the lateral extent of the deposit, but, although 
it appears chimney-like, it probably follows a fault plane or the 
bedding of the limestone for some distance. 

An interesting and seemingly important feature of the group is 
the so-called sulphide zone, which is about 400 feet wide and extends 
through the western tier of claims for about 6,000 feet. It lies about 
1,200 feet west of the contact, with which it is about parallel, and it 
follows the strike of the rocks, which are mostly on edge or hi^ly 
tilted. The rocks consist chiefly of limestone altered by contact 
metamorphism, are moderately gametiferous, silicified, silicated, 
hard, and mostly massive, and seem to contain the other usual min- 
erals — axinite, epidote, chloropal, diopside, limonite. In this zone 
the principal ore mineral is chalcopyrite, usually with some asso- 
ciated molybdenite and bornite. It is more or less widely dissemi- 
nated throughout the rock but with some degree of concentration in 
certain bands or areas, examples of which are described below. 

A 15-foot " sulphide " shaft on the north end of the Dallas claim 
No. 3 shows about 6 feet of solid massive greenish-gray mineralized 
limestone in a single bed which dips steeply in or stands vertical 
and is thoroughly disseminated with chalcopyrite. 

The 50-foot crosscut " sulphide ^ tunnel on Dallas claim No. 4, 
which is in slate-colored slaty limestone, at about 25 feet from the 
portal cuts a 1-foot band of soft mineralized rock containing, among 
other minerals, copper carixmates, some chalcopyrite, and a little 
bornite ; also lenses or portions of the harder rock contain some dis- 
seminated copper sulphides. 
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About 200 yards north of the '' sulphide " tunnel occurs a bed of 
bluish-gray quartzite (?) 1 to 3 feet thick, which is more or less 
gametif erou« and contains diasmninated molybdenite. The rocks on 
either side of this bed contain disseminated chakopyrite and bomite. 

COPPER SHIELD AND NEIGHBORING GROUPS. 

Extending from the Ivy Wilson group in an east-northeast direc- 
tion across Thompson and Bluejay gulches through the granodiorite 
to a point within a mile or two of Contact and the river are 10 or 
more fissures containing chiefly syenitic and quartz moiusonite por- 
phyry dikes which are locally mineral bearing and on idiich, as 
shown on the claim map (PL XIX, p. 112), are located the Copper 
Shield or Effie Fay, Florence, Salt Lake, Blue Bod^ and other 
groups. Though the surface is locally rough or bowldery, the area 
as a whole is easy of access. 

At about the middle part of their courses the dikes are crossed by 
Bluejay Gulch, to the west of which they are said to dip steeply 
northward toward the contact, while to the east of the gulch they dip 
steeply southward, a fact which suggests that the gulch here probably 
lies on a fault line. 

The mineral in some pkees is contained in quartz veins associated 
with the dikes (see PI. XXIII, A, p, 118) but elsewhere occurs as 
replacement or segregation deposits in the dikes themselves. A few 
examples of these deposits are described below« The croppings of the 
larger fissures are usually the quartz syenite porphyry; those of 
many of the smaller fissures are cappings of oxidized ore and vein 
material 

FLORXVOE eEOITP. 

The Florence group is composed of a dozen or more claims owned 
by the Maine Contact Copper Co. On claim No. 7, opened by a 
shaft, a 3 to 5 foot light-colored medium-grained syenite dike l3ring 
between sharply defined granodiorite walls contains copper carbon- 
ates, oxides, and some sulphides distributed or scattered in stringers 
or stringer-like lenses of quartz, mostly toward the sides or walls. 
At about 150 feet to the east a 60-foot shaft shows some good ore m 
place and some on the dump, and a streak of this ore is said to extend 
all the way down in the shaft. Here the dike has a width of about 
8 feet. 

On the adjoining Portland claim, to the nortii, owned by Hickey, 
Klitz & McShane, of Contact, a similar parallel dike or vein, 4 feet 
or more in width, with sharply defined walls, consists mostly of 
copper-bearing cobbly quartz fragments and bowklers contained in 
a seemingly decomposed granitic matrix (PL XXIII, A). 

To the east, on Florence claim No. 16, one-^ghth of a mile west of 
Bluejay Gulch, the dike, which is opened by a 20- foot shaft, contains 
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carbonates, oxides, chrysocoBa, and also the sulphides of copper in a 
gangae of glassy quartz and daric-brownish siliceous hematite, with 
oNEisiderable ssBOciated flaky m(dybdenite in tbe Boore hematitic 
portioii. 

To the east of Bhiejay Gulch Florence claim No. 13, opened by a 
30-foot idiaft for 20 feet or more down, shows a l|-foot vein of good- 
looking ore similar to that just described. This mn is confined by 
the dike rock a foot or more in thic^ess on either side, outside of 
which, on the south or hanging-wall side, the granodiorite rock is 
considerably crushed. A large "bowlder" of the ore from this 
opening is said to have attracted considerable attrition at the Alaska- 
Yukon-Pacific Exposition. 

oovFSB amiLP o&on. 

Northeast of the Florence group is the Copper Shield or Eflie Fay 
group, consisting of 11 claims owned by the Copper Shield Copper 
Ca It contains a large dike which, where observed on the western 
part of tbe ground in a crosscut tunnel, shows a width of more than 
50 feet with the south wall not exposed and contains a small amount 
of copper carbonates. The dike to the east of this point is reported 
to be 200 feet in width and in places carries copper ore, including 
bomite, all the way across. 

In the southern part of the group, at the Shield hoase, in a 30- foot 
shaft and well, a 3| to 4 foot dike contains ore nearly all the way 
across, and a large bowlder like part of the ledge outcrops 5 feet high 
in an adjoining pit The ore has a good-looking siliceous hematite 
and quartz gangne, is crudely banded, and somewhat crtehed. The 
ore minerals are principally the copper carbonates and oxides, with 
the sulphides, boi^nite and chalcopyrite. With the ore are associated 
some speenlarite and molybdenite. 

SALT LAZE OEOTrP. 

Joining the Copper Sbield group on the south is the Salt Lake 
group of 16 claims, owned by J. H. Raleigh, of Salt Lake. The 
claims are all located on mineralized dikes or veins and show ore. 
On claim No. 5, a. 50- foot tunnel shows 18 inches of ore in the face. 
On claim No. 7, on a syenite dike 60 feet wide, a 15-foot shaft shows 
about 3 feet of ore said to average about 6 per cent in copper. 

In the southern part of the group the ore in places is said to be of 
considerably better grade^ much of it going about 20 per cent, with 
the porphyry in general well stained with copper. Here on claim No. 
9, on the Poole dike, which is syenite porphyry and which has a 
width of more than 100 feet, a 10-foot shaft shows a well-banded 
6-inch vein of copper oxide and carbonate ore with a siliceous hema- 
tite and quartz gangue. This vein or dike is said to extend south- 
westward for more than 3 miles to the Ivy Wilson ground. 
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YELLOW GIKL MIVE. 

The Yellow Girl claim adjoins the Salt Lake group on the south- 
west It is patented and said to be held at $100,000. Where the 
Poole dike is opened by a 200-foot shaft, it rapidly widens from the 
60- foot level downward, and on the 200-foot level, where it has been 
crosscut for 38 feet with no wall yet reached, it is said to carry 6 
feet of 12 per cent copper ore, similar to that on Salt Lake claim No. 
9, described above, and about 32 feet of low-grade ore. 

HICKEY PROSPECT.^ 

Among the outlying prospects of the Ellen D. Mountain area 
should be mentioned the Hickey prospect, owned by M. F. Hickey, of 
Contact. This is commonly known as the Lead- Silver mine. It is 
located about a mile northwest of Old Contact, in the second gulch, 
a locality which seems to be mineralogically an interesting part of 
the district. 

The country rock is said to be the dark or blue limestone. The 
developments consist principally of a short tunnel and an upraise 
from which relatively considerable lead-silver ore of fair grade has 
been taken out. 

The deposits are contained in two or more veins which trend in 
an east-west direction with nearly vertical dip and seem to be more 
or less associated with porphyry dikes or other intrusions, near 
which there is a reported improvement in the quality and increase 
in quantity of the ore. 

The mineralization, to judge from the ore specimens examined, 
seems to have resulted from a process of replacement in a finely com- 
minuted fault breccia. The ore minerals are those of silver, copper, 
lead, and gold, and the ore seems to consist of two principal types, 
known as cerusite ore, which is a yellowish lead carbonate, and 
" binoxide " ore, which is brownish red and seems to consist princi- 
pally of the oxides of iron, lead, and copper. 

The principal vein is about 3 feet in width and contains chiefly 
cerusite ore. The other vein consists chiefly of binoxide ore. Silver, 
seemingly as argentite, is present in both veins, but it occurs chiefly 
in the cerusite ore, where it amounts to as much as 92 ounces to the 
ton. The gold, on the other hand, occurs chiefly in the binoxide ore 
of the smaller vein, where it averages about $4 to the ton. 

CHINA MOXJirTAIN AREA 
LOCATION AND GENERAL FEATURES. 

The China Mountain area almost joins the Ellen D. area on the 
southeast, lying on the other side of Salmon River. It centers near 

^ For information on this property and for specimens, the writer is indebted to Messrs. 
D. a Mclntyre and M. F. Hickey. 
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China Mountain, about 5 miles south-southeast of Contact. (See 
PL XIV, p. 100.) It is contained in an area 4 miles wide and 5 miles 
long, extending from the head of Meadow Creek and McDuffy Gulch 
southward toward Knoll Creek. From an elevation of less than 
5,400 feet at the river the surface, which is generally rough, rises 
above 8,000 feet in China Mountain, whence it declines in all direc- 
tions to the borders of the area. 

Both the granodiorite and the Paleozoic sedimentary rock types 
of topography are present. The latter, which comprises the domi- 
nant features and especially characterizes the southern part of the 
area, including the large rounding mass culminating in China Moun- 
tain, is illustrated in Plate XVI (p. 100). The area, however, is gen- 
erally accessible. It is nearly encircled by a wagon road, and by 
means of certain gulches on the northwest can be penetrated by 
wagon to points within a mile of the top of the mountain. 

The country rock is the granodiorite on the north and the Paleozoic 
sedimentary rocks on the south. The two are separated by the usual 
well-defined east-west contact, which, as shown on Plate XIV, 
crosses China Mountain and the highest near-by peaks almost at 
their summits, but these summits, as at Ellen D. Mountain and else- 
where, are all situated to the sedimentary side of the contact. The 
sedimentary beds, though variously deformed, in general dip toward 
the south, or away from the contact, along which their upturned 
edges form a hogback-like scarp overlooking the lower-lying grano- 
diorite area within the basin. 

At China Mountain in 1876 apparently the earliest substantial 
work in the district was done by a group of Chinamen em- 
ployed by an official of the Southern Pacific Co. Seized with super- 
stition by the illness and death of one of its members, the party aban- 
doned the work in the midwinter and traveled on foot to Wells, after 
which the ground lay idle till late in the eighties. 

The deposits are similar to most of those in the Ellen D. Mountain 
area, described above. Their general distribution is indicated by 
the mine and prospect symbols on Plate XTV (p. 100) and by the 
location of the claims as given on Plate XX (p. 112). They occur 
mostly in association with the granodiorite and Paleozoic rock con- 
tact zone, which in places has a width of nearly 2,000 feet. The 
Hanks-Miller-Leach groups of claims and the Chinaman group, 
trending respectively northeasterly and easterly, are in this zone, but 
the inlying groups to the north of this and trending more nearly 
north and south, at about right angles to the contact, are in the 
granodiorite and comprise deposits of the dike- vein class. 

iThls term Is here used for conyenlence of reference and does not necessarily Imply 
ownerablp In comm on. 
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The principal op^iings are the so-called Chinaman, War Eagle, 
Hanks, Turo-Sheckles, and High Ore mineB, which, however, are 
for the most part still in the pra^iect stage. 

CHINAMAN MINE. 

The Chinaman mine is in the upper northwesterly slope of China 
Mountain, at an elevation of about 7,700 feet It is on the Skylark 
claim No. 1, one of a group of six claims (the Chinaman group, PL 
XX, p. 112) located by W. T. McArdle in 1895, about 20 years 
after the ground had been prospected and deserted by the Chinese 
party, as above described. The group is owned by Messrs. Lumm, 
Morling, Pritchard, and McArdle. It extends from a point above 
the mine down along the contact zone for about 1^ miles, nearly to 
the base of the mountain and the river on the west. The topography 
in the upper part of the group is rugged and the mine is not easy 
of access. It is reached by trail only, for which reason operations 
have recently been begun on the lower end of the group on Copper 
Mountain Claim No. 1, nearly 2,000 feet lower, where the deposits 
are more accessible, and a tunnel, now in 50 feet, is being driven* 

The mine is located near the head of a gulch, on the limestone side 
of the contact. Sheets or dikes of granodiorite, the thinnest 3 feet in 
width, are intercalated in the limestone, and quartz syenite porphyry 
dikes of the aplitic phase, described on page 111, are associated with 
the deposits. 

The deposits are opened principally by a short tunnel or drift, a 
crosscut, and a 50-foot winze. They are contained in a lode or 
mineralized band about 22 feet in width, with some ore distributed 
nearly all the way across. The dip is about 75° away from the con- 
tact, and at about 12 feet in from the portal of the tunnel the ledge 
is cross faulted at nearly right angles by a southward-dipping fault 
plane showing slickensides, etc. 

A partial section of the lode, beginning with the granodiorite 
country-rock footwall on the north, is as follows : 

Partial HortUtn of lode in Chinaman mine, 
Granodiorite. Feet. 

Aplltic dike 3 

Limestone, light and in part siliceous li 

Banded copper ore in the usoal siliceous ehloropal-gamet 
gangue 5 

The ore consists mostly of carbonates. About 80 tons of 14 per 
cent ore, remaining from a heap of which a test was made at the Con- 
tact smelter, lies on the dump. 

WAR £AOL£ MINE. 

The Hanks-Miller-Leach group comprises 27 or more claims ex- 
tending, three deep, from the summit of China Mountain southeast- 
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ward on the contact zone down the slope for a distance of nearly 3 
miles. The contact approximately follows the median line of the 
noitheast tier of daims, the Defender, New Years, and others. Of 
this group the nine end claims on the southeast, owned by J. W. 
Haaks, are known as the Hanks group. They were located in 1887 
for copper by a Grerman who bonded the property to an English 
company. Later the ground was several times relocated by others, 
among whom W. T. McArdle, in 1805-96, mined and shipped 8 car- 
loads of copper ore that averaged about 24 per cent of copper, 14 
ounces of silver to the tea, and about 7 per cent of silica ; one of these 
carloads is said to have averaged 33 J per cent of copper. 

Five of the claims indicated on Mate XX (p. 112) are surveyed 
and patented groimd, and the principal openings on them, notably 
the War Eagle, TimvSheekks, and Turo, are known as the Hanks 
mines. They seen to be among the most important in the area. The 
topography is rough but not rugged. Its character is shown in 
Plate XVI, ^ (p. 100). 

The War Eagle mine is located about 2^ miles southwest of the 
smnmit of China Mountain, on Hanks claim No. 1, at an elevation of 
about 7^00 feet. The mine is about 500 feet outside of the contact, on 
a parallel streaked or banded lode or bed 8 feet wide, carrying copper 
ore in a gangue of chloropal, jaspery quartz, axinite, and garnet in 
dark limestone country rock with 40 feet of silicified limestone or 
quartzite on the inner or hanging-wall side. Siliceous syenitic dikes 
occur near by — for instance, in the saddle at the location stake about 
200 feet to the northwest. The lode is open mainly by an inclined 
shaft 120 feet deep, and a 75-foot drift to the northwest on the 25- foot 
level with a 40- foot upraise at the end. 

The work was nearly all done in 1895 and 1896 by W. T. McArdle. 
To a depth of 100 feet the lode is said to dip 70"^ in toward the con- 
tact, but from this point downward it gradually straightens and is 
thought to turn over and dip normally outward, like the Brooklyn 
vein. The mine was last worked in 1899. About 100*tons of the ore 
now on the dump is said to average 7 per cent of copper and about 4 
ounces in silver to the ton. It consists chiefly of copper carbonates 
and oxide, with a little copper sulphide. 

TURO-SHECKLES MINE. 

The Turo-Sheckles mine is about half a mile northwest (up the 
slope) from the War Eagle mine, on the Rochester claim, at an 
elevation of about 7,600 feet. It is located at about 900 feet outside 
of the contact, on a parallel ledge or ore bed in whitish limestone. 
Both the ledge and the limestone have a steep normal dip outward 
toward the south. Dikes of quartz syenite porphyry are intruded 
within 30 feet of the ledge on the north. The ledge is opened by a 
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1*20- foot shaft which shows neither wall but in whidi no crosscutting 
has yet been done. 

The ore is mostly carbonate and oxide of copper, with some sul- 
phide in depth. Three carloads of the OTe were ^pped. They am- 
tained 18, 24, and 32 per cent of copper, and averaged 7 ounces in 
silver to the ton. About 75 tons of 12 per cent copper ore and 450 
tons of 6 per cent ore lie on the dump. 

TUKO MINE. 

The Turo mine is about 200 yards southwest of the opening last 
described, at an elevation of about 7,600 feet, on the Lincoln daim, 
which joins the Rochester on the southwest It is on what is knowB 
as the Hanks vein, which lies conformably in vertical dark country- 
rock limestone, is 12 feet wide, and conti^ins principally carbonate and 
oxide copper ore in a bowldery-like gametiferous gangue with some 
included limestone. It is opened by an 80- foot shaft, whidi is nov 
considerably caved. About 60 tons of 12 per cent copper ore is on 
the dump. 

HIGH OBE MINE. 

Of the vein or " dike-vein " deposits in this area, all in the grano- 
diorite, the most important are those of the High Ore mine and 
Camp Bird prospect. Practically all the veins or dikes observed 
trend northeastward, roughly parallel with those in the Ellen D. 
Mountain area west of the river, and seem to belong to the same 
fissure system. 

The High Ore mine is about a mile northeast of China Mountain 
and the contact, at the head of Meadow Creek, at an elevation of about 
6,800 feet, in open country, and is easy of access. It was exploited 
in the middle seventies by the same persons who then worked the 
Chinamen mine. The property comprises a group of six claims. It 
is opened chiefly by an old 65-foot inclined shaft sunk on a vein 
which dips 45° W., and sems to be contained in a quartz monzonite 
porphyry dike similar to that of the Camp Bird prospect next to be 
described. Owing to a cave-in, the shaft could not be eiitered, but 
to judge from blocks of ore seen on the ground the vein has a width 
of at least a foot and consists of about 9 inches of ore with 1 or 2 
inches of quartz gangue on either side. The ore consists of red 
copper oxides, carbonates, and sulphides in a siliceous gangue. The 
run-of-mine ore is said to average about 16 per cent of copper and 
the high grade 40 per cent. The ground in the vicinity of the 
property seems to be all staked. 

CAMP BIRD PROSPECT. 

The Camp Bird prospect is about a mile north of the High Ore 
mine, 5 miles southeast of Contact and about 1^ miles northeast of 
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China Mountain, at the head of McDuffy Gulch, on open ground, 
at an elevation of about 6,800 feet The property comprises a group 
of six or more claims on or near the low divide which it nearly par- 
allels between McDuflfy Gulch on the west and Meadow Creek on the 
east It was located about 1907. The country rock is the grano- 
diorite. The principal opening is a 40-foot shaft on claim No. 2 in 
a quartz monzonite porphyry dike which is more than 200 feet in 
maximum width and is said to extend on. the southwest to China 
Mountain and the contact. It seems to fill a compound fissure or sort 
of shear zone and locally contains horses, lenses, vertical sheets, or 
bands of the country-rode granodiorite, as shown in prospect pits to 
the south on claim No. 3 and other ground. 

In the 40- foot shaft the dike rock seems to be oxidized all the way 
down, and in the lower part to be generally impregnated with dis- 
seminated pyrite and chalcopyrite. 

The ore consists of malachite, azurite, chrysocolla, chalcopyrite, 
and bomite. It occurs to some extent sporadically in the body of the 
dike rock itself, but more generally in and associated with parallel 
bands and stringers or lenses of quartz traversing the dike, some of 
which are 3 to 4 inches in width and alternate with bands of the dike 
rock. Many of the smaller stringers are comby. Associated with 
the ore in places as gangue is also considerable siliceous hematite. 

The dike is shown by microscopic examination to consist of about 
40 per cent each of orthoclase and plagioclase and 20 per cent of 
quartz, almost no bisilicates being present. Both feldspars are con- 
siderably sericitized, and considerable rutile and apatite are present as 
accessories. 

The deposits on the half dozen or more neighboring groups of 
claims are said to be similar to those of the Camp Bird. The deposit 
on the Haskney-Shoun property, about 1^ miles to the west, is opened 
by a 25-foot 60° W. inclined shaft and shows some malachite and 
sulphide ore. The Warsaw- Jime group, to the northwest, on Warsaw 
daim No. 2, is said to be traversed by a vein several feet wide con- 
taining three 2-inch bands or shoots of rich ore, spaced about a foot 
apart. From samples furnished to the writer, this ore seems to be 
chiefly chalcocite, with some carbonate. 

BLANCHABD MOITNTAIH ABEA. 
LOCATION AND GENERAL FEATURES. 

The Blanchard Moimtain area joins the China Mountain area on 
the east. It is about 4 miles in diameter and centers at Blanchard 
Mountain, which rises to an elevation of about 8,800 feet. From the 
summit the surface, which is usually not rough, declines, for the most 
part gently in all directions— to Trout Creek, at about 6,000 feet, <mi 
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the north and east, and to EjkJI Creek, at about the same elevation, 
on the south. On the noirtheast, however, is a prominent hill a few 
hundred feet in height, which, from the name of the property loeated 
on it, may be ealled Johoaon Hill. 

The g^eology is similar to that in the China Moimtain area already 
described. The country rock is the intncnve granodi<»ite on the 
northwest, and it is embayed by an open crescent e^ the Palec^oic 
sedimentary rocks on the southeirSt. The general course of the eon- 
tact is northeastward, in the form of a curve open to the northwest 
As usual, it crosses the peaks, Blanchard Mountain and Johnson 
Hill, near their summits, oa the upper, granodiorite, or basin side. 
On the upper southwest slope of Johnson Hill the contact swings 
or is offset to the south, seemingly by a fa«)t of about dOO feet lateral 
throw, as indicated on the map. 

In the Blanchard Mountain portion of the area the formations and 
the deposits are traversed by the usual dikes of syenite porphyry, local 
masses of which seem to occur in a prominent twin-peaked spur of 
Blanchard Mountain on the north, known as Twin Buttesi. This spur 
appears to contain an inlier of Paleoz<Mc quartzita 

The general distribution of the deposits is indicated on Plates XIV 
(p. 100) and XX (p. 112). They lie principally in the contact aone 
and the most important showing is on the Zetta Blanchard group* 

ZETTA BLANCHARD GROUP. 

The Zetta Blanchard group consists of a linear group of eight or 
more claims covering an extent of nearly 2 miles in the contact zone 
on the northerly slope of Blanchard Mountain. From claim No, 8, 
at an eleration of abont 6,800 feet on the east slope, to No» 4, on the 
upper north slope, it has a vertical range of nearly 1,000 feet It was 
mostly discovered and located by W. T. McArdle in 1895* The de- 
posits so far as exploited seem to be of the contact-metamorphic type 
and they occur in a mineralized band or lode about 25 feet or more in 
maximum width on the granodiorite-limestone contact, where they 
have been opened at several places by shafts, tunnels, drifts, and cu^ 
aggregating about 400 feet of work. The dip is at a steep angle ccm- 
f ormable with the limestone and is ncrmal, being outward. 

The ore in general consists of carbonates, oxides, and the conmion 
sulphides of copper and a little chrysocolla contained in a gametifer- " 
ous gangue of chloropal, siliceous hematite, limonite, and axinite, 
with glassy quartz present in places. Axinite is particularly plenti- 
ful in the Zetta Blanchard gangue. The microscope shows a section 
from shaft No. 5 to contain about 80 per cent of axinite; 

On claim No. 8, in the east slope of the moui^ain, at an devation 
of about 6,950 feet, the lode is opened by a 60- foot "tunnel," or drift, 
run westward in the gametiferous chloropal-axinite zone, or lode. 
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which contains some disseminated copper ore and shows some gar- 
netized granodionte on the footwall and partly metamorphosed gar- 
netized gray cradMd limestone on the hanging wall. 

To the west, up the dope, on claim No. 6, at an elevation of about 
7,000 feet, the prineipal opening is a 150-foot crosscut tunnel contain- 
ing about 70 feet of so-called crosscut or drift. This opening shows 
a 7 to 8 foot lode that contains good oxide-carbonate-sulphide copper 
ore, with some chrysocolla in the usual gangue, but seems to have in 
assodation considerable iron. Siliceous syenite dikes appear to be 
associated with the deposit. 

On claim No. 5, at an elevation of about 7,670 feet, where the lode 
shows a width of 25 feet with dark-blue country-rock limestone on the 
hanging wall, the opening is a d2-foot inclined shaft in the outer or 
hanging-wall side of the lode, sunk in 1897, it is said, at a cost of 
$5,000. Copper ore, induding chaloopyrite and bomite, impregnat- 
ing a browniflh-gray siliceous axinite gangue, appears all the way 
across the shaft A thin section of the ore shows about 80 per cent 
of axinite. 

Higher on ihb slope, at an elevation of about 7,850 feet, on claim 
No. 4, a similarly located 20-foot inclined shaft diows the westward 
and upward continuation of the same geologic and mineralogical 
conditions, but there is less display of ore, specularite is associated 
with the copper carbonate, and the mineral zone in general is con- 
siderably crushed by crustal disturbance. Farthn* west, on claims 
Nos. 3 to 1, where tbt <^enings are only a few feet in depth, the lode, 
or mineraliaed band, seems to narrow. On No. 3 it shows a width of 
about 2 feet, stands about vertical, and is confined between walls of 
the pressed granodiorite on the north and crushed dark limestone on 
the south. 

JOHNSON OBOUP. 

The Johnson group, comprising nine or more claims, covers a con- 
siderable portion of Johnson Hill, in the northwestern part of the 
area, where, with the claims three deep, it extends along the contact 
for nearly a mile. The geologic and mineralc^cal conditions are es- 
sentially the northeastward continuation of those on the Zetta 
Blancbard group, except that a short distance back from the contact, 
to the south or outer side, the hill, to judge from the debris covering 
the surface, is mainly quartzite, much of it closely banded, and con- 
tains intrusive sheets or parallel dikes of quartz syenite porphyry 
and bedlike ledges of iron ore, apparently hematite, on which the two 
southeastern tiers of claims seem to be principally located. The prop- 
erty is owned by the Montilla Mining Ca, of Montilla, Nev. 

The principal openings are a 400- foot tunnel and a 100-foot shaft. 
The tunnel is located in the east base of the hill on claim No. 1, at 
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an elevaticm of about 6,630 feet, and is driven westward on the 
granodiorite and limestone contact, which dips steeply out to the 
south or is verticaL The granodiorite, which in places fcMms a good 
firm footwall, is unusually dark, with far more than the ordinary 
amount of green hornblende, and is crushed, pressed, sheared, ai^ 
schistose. The limestone is white, metamorphosed, crystalline^ and 
banded. Both formations are cut by dikes of coarse quartz syenite 
porphyry younger than the shearing. 

In much of its course the tunnel shows from 6 inches to 1^ feet 
of banded and crushed, partly mineralized rock or vein material, 
which, however, shows only sporadically a slight stain of copper 
carbonate and no trace of ore. It is said that no ore was expected in 
this part of the tunnel for the first 1,000 feet, or until the ground 
beneath the shaft or vicinity should be reached, a fact which, to- 
gether with the transverse claim projecting at right angles down the 
northwest slope of the hill, suggests the probable presence of a trans- 
verse lode or vein in this locality, not observed by the writer. 

The shaft, which is also located on the contact on the limestone 
side, is farther west^ at an elevation of about 6,880 feet, or 250 feet 
above the level of the tunnel. It has a reported depth of 100 feet and, 
to judge from the material on the dump, is still in the oxidized zone. 
This material consists mostly of brownish and greenish gametiferous 
gangue containing a little malachite and much yellowish-green to 
finch-green chloropal. 

At a point on the contact about midway between the tunnel and the 
shaft, at an elevation of 6,780 feet, an open cut shows a l^-foot band 
of crushed, partly mineralized material in the banded limestone, con- 
taining on the outer or hanging- wall side a 8-inch vein of malachite 
ore in a silicified gametiferous axinite gangue. 

On the upper north slope of the hill, at an elevation of 6,900 feet, 
an open cut shows the garnet-chloropal gangue zone or lode having 
a width of more than 10 feet, with the contact between the limestone 
and the crushed gangue sharply defined and vertical. 

From the Johnson ground eastward the contact zone is said to be 
staked for several miles beyond Trout Creek, nearly to the crest 
of the H. D. Bange. The most important claims in this vicinity 
seem to be the Leach group, which joins the Johnson group on the 
west and is said to show fair prospects in copper, but on which only 
the necessary work is done. 

R. O. 0. PROSPECT. 

The R. O. C. prospect lies wholly within the basin and granodiorite 
area, about 1^ miles northwest of Blanchard Mountain, at an eleva- 
tion of about 7,400 feet. It is in open country and easily accessible. 
It was discovered and located in 1908 by W. T. McArdle and is 
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owned by Mr. O'Connell and others. The property comprises a 
group of six or more claims trending in a northeasterly direction 
for more than a mile. It is opened principally by several shafts, 
of which the deepest is 45 feet deep. 

The deposits are of the dike- vein class. They are apparently re- 
placement deposits in association with a medium or fine grained 
quartz syenite porphyry or aplitic dike which dips about 65*^ NW., 
and is about 6 feet in maximum width. In places the silicified dike 
and vein croppings stand boldly from 1 to 8 feet above the surface., 

On claim No. 1 two shafts, 10 and 45 feet deep, show on the foot- 
wall side of the dike a banded vein from 6 inches to 2 feet wide, 
averaging about a foot, composed mostly of copper carbonates, oxides, 
and dialcopyrite with some gray copper mixed with iron, all con- 
tained in a quartz gangue. The ore is said to contain also consider- 
able silver, some assays reporting as high as 38 ounces to the ton. 
The vein is tightly frozen to the granodiorite footwall and especially 
so to the dike hanging wall. To the northeast of the shaft the 
quartz vein is barren, is 6 inches wide, and gradually passes to the 
hanging-wall side of the dike, which varies down to a foot in width. 

To the northeast on claim No. 2, where it is opened by an 8- foot 
shaft, the dike is softer and altered and ccmtains quartz stringers and 
in places 3 to 4 inches of banded or streaked malachite-stained mate- 
rial or low-grade ore. 

On claim No. 5 an inclined cut or shaft shows another copper-bear- 
ing dike, or probably a spur, to the southeast of the main dike. It 
is 8 feet wide, dips 60° W., and contains also considerable iron oxide. 

On claim No. 3, opened by a 25-foot shaft, the showing is said to 
be in a cut similar to that on claim No. 1. 

HICE MINE. 

In connection with the Blanchard Mountain area two outlying 
properties, the Hice and Kratz mines, merit passing notice. 

ITie Hice mine (see PI. XIV, p. 100) is located 2 miles southeast of 
Blanchard Moimtain, on the head of Knoll Creek, at an elevation of 
about 6,700 feet. It is among the early discoveries of the district and 
is developed by a 300- foot crosscut tunnel and a 30-foot shaft. The 
mine is in the crest of a prominent ridge (PI. XVI, 5, p. 100) of the 
Tertiary lake beds, which dip 20° to 30° NW. and strike nearly par- 
allel with the trend of the ridge. These beds show faulting and 
slickensiding. 

The deposits, which seem to consist principally of outcrops, occur 
in the upstream portion of the ridge, from the head of which the out- 
crops, from 10 to 30 feet or more wide, extend southwestward for 
nearly one-fourth of a mile, their trend diverging slightly from the 
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axis of the ridge, so that while on the northeast they occupy the crest 
of the ridge, on the southwest they lap upon it« southwest flank. In 
places they rise 8 or 10 feet above the adjacent surface underlain by 
the lake-bed sandstone. They appear to be portkns of ibb crest of a 
reef of Pale(»soic rocks that forms the core of the rid^ and pro- 
trudes through the surrounding younger sandstone at the surface. 

These deposits are brown, yellowish, greenish, and blackidL, or 
variously mottled with these colors. They are heavy and are said 
to ccmtain on an average 60 per cent in lead, with 2 to S ounces in 
gold and as high as 240 ounces in silver to the ton. The lead seems 
to be all in the carbonate or so-called ^'sand carbonate" and oxide 
forms. No trace of galena is present. 

The outcrops consist principally of mineralized faulted and brec- 
ciated material derived from the Paleozoic sedim^itary rocks of the 
region, silicified and silicated dark and white limestone, quartzite, 
slate, quartz, jasper, barite, etc The material is mostly fine, of the 
arenaceous type, though mudi of it ranges to medium or coarse. 
It is heterogeneously mixed, and much of it is firmly c^n^ited. Un- 
derground, however, it seems to be in part but lo(^y ccdierent and 
in places to be crudely stratified or coarsely banded. 

Owing to the high value of its mineral content and the amount of 
ore in si^t in the croppings, the deposit has attracted con^derable 
local attention, and recently the 300-foot crosscut tunnel was driven 
in a northwesterly direction to crosscut the ledge about 100 feet below 
the surface croppings. The tunnel, however, in passing beneath the 
outcrops and considerably beyond their zone continued uninterrupt- 
edly from the portal to the breast in the young soft sandstone only, 
encountering no trace of a ledge. The 30- foot shaft and other open- 
ings sunk on the croppings also seem to show no trace of the old 
rock formation or even solid ledge matter or sandstone, but have 
cut through only incoherent, partly cemented old fault breccia or 
partly rounded talus-like material, some dipping unconformably 
against the sandstone and some gently with it. These facts and 
the manner in which the sandstone rises on all sides of the ridge 
within 40 or 50 feet of the top make it seem certain that the out- 
crops and the underlying material in the sandstone are not in place, 
but are merely a cap resting upon the sandstone and have been 
brought there by a thrust fault or landslide, peiiiaps in the nature 
of an earthquake disturbance, which for lack of time could not be 
worked out on this visit. 

So far as geologic and mineralogical composition is concerned the 
deposit gives no indication of any connection with the granodiorite 
and Paleozoic rock contact, whose nearest exposure on the opposite 
slope of Blanchard Mountain is 2 miles distant 
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It is asserted by some that the parent ledge frcmi which the out- 
crops have been derived is located far up the slope of Blanchard 
Mountain, which seems possible. Except that the H. D. Range is 
somewhat farther away, the deposit may equally well have come from 
the slope of that range an the southeast, a view which is favored by 
the fact that the sandstones in which it occurs are tilted up to an 
angle of 30° or more toward the northwest. Unless there is such a 
deposit on Blanchard Mountain, a r^narkable feature is the absence 
of any such deposit anywhere else in this part of the district. The 
nearest known similar deposits are those of the Hickey mine, already 
described, 14 miles to the northwest, near Old CJontact. 

An alternative to the thrust-fault or landslide view is the view that 
the ledge or old rock core of the ridge, if such it be, of which the out- 
crops may represent the crest, may have been undermined, hollowed 
out, corroded, or eroded through after the manner of a cave or natural 
bridge and the opening subsequently become filled with the sediments 
that formed the young sandstone where the course of the tunnel now 
passes beneath the outcrops, which therefore at this point form a 
natural arch or bridge in the ridge of Paleozoic rocks. 

The advisability of further prospecting the ledge by crosscuts and 
of sinking to determine its downward extent at various points before 
installing expensive machinery is obviously shown by the results 
obtained in the present tunnel. 

KRATZ MINE. 

The Kratz mine, better known as the ^' old Kratz '' mine and the 
" old silver " mine, is, as shown on Plates I (p. 10) and XIV (p. 100), 
about 14 miles southeast of Contact and 3 miles south-southeast of 
the Hice mine, on the northwest slope of the H. D. Range, at an eleva- 
tion of about 7,800 feet. The topography is mountainous but not 
rugged. The deposit was discovered and located about 1885, by Mr. 
Turo and his partner, who sunk an 80- foot shaft and took out some 
ore. 

The country rock consists of the Paleozoic sedimentary rocks, and 
apparently a sandstone-like formation is dominant at the mine. 

The deposit is said to be contained principally in a 10- foot lode of 
white quartz, which is traceable for 3,000 feet and is opened at sev- 
eral points, but on which not sufficient development work has been 
done to determine its value. The ore minerals are contained in an 
18-inch vein or ore shoot crossing the lode. They consist chiefly of 
silver sulphide, and average about 40 ounces in silver to the ton, 
manganese, copper, lead, and zinc also being present. In the bottom 
of the shaft the ore carries about 4 per cent of copper, which leads to 
the hope that at greater depth it may be workable for copper. From 
11840**— BuU. 4d7— 12 10 
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porticms of the vein J. F. O'Byme reports assays ranning as follows: 
Manganese, 40 per cent; copper, 2 per cent; lead, 20 per cent; silver, 
4 ounces to the ton ; zinc, one-half ounce to the ton ; gold, a trace. 

lODDLB STACK MOXTNTAIH AND TBOUT GBEBK ABBA. 
LOCATION AND GENERAL FEATURES. 

The Middle Stack Mountain and Trout Creek area lies in the 
northeastern part of the district, on the north contact zcme. It begins 
at Middle Stack Mountain, 6 miles northeast of Contact, whence it 
extends eastward across Trout Creek for a distance of about 6 miles. 
The topography is mountainous and much of it rough, but it is gen- 
erally not rugged. The area is reached from Contact by wagon 
road or trail, passing to the south of the mountain, and also by 
ascending Trout Creek from San Jacinto on the north. Mineral 
seems to have been discovered here in the sixties. The country rock 
is the usual intrusive granodiorite and Paleozoic sedimentary rocks, 
principally limestone and slate, which in general dip to the north 
away from the contact and with the granodiorite are intruded by 
syenite and monzonite dikes. The granodiorite in places shows pro- 
nounced sheeting, and at about 2 miles southeast of Middle Stack 
Mountain and also a few miles northeast of this point, on the con- 
tact near Clark Cabin, it is intruded by quartz syenite or quartz mon- 
zonite stocks accompanied by radial dikes. 

The mineralized zone has a maximum width of about half a mile. 
The general distribution of the more important deposits is indicated 
on Plate XXI (p. 112). The deposits, except those to the west of 
Trout Creek, are similar to those on the contact zone described in the 
preceding sections, except that they are more generally associated 
with dikes. The usual metamorphic minerals, particularly massive 
garnet, chloropal, and axinite, are characteristically present in the 
gangue. A specimen from the Dakota shaft on the Clark group 
gives strong tests for boron, indicating the presence of axinite in con- 
siderable amount. 

The principal properties are the Bost<m mine and the O'Connell, 
Clark, and Toano claim groups. 

O'OONNELL GROUP. 

The O'Connell group comprises seven or more claims, beginning 
on the southeast slope of Middle Stack Mountain and extending 
eastward along the contact for about 1^ miles. The location of these 
claims is indicated on Plate XXI (p. 112). 

On the west, on the Daddy of Nevada claim, at an elevation of 
about 7,100 feet, the deposit is opened by a tunnel several hundred 
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feet long driven in a northerly direction througfa sheeted granodio- 
rite and the contact where the granodiorite is gametized contains 
molybdenite, and is succeeded by gametiferous limestone or quartz- 
ite. Botli the granodiorite and the sedimentary rocks are intruded 
by the medium to fine grained light-colored siliceous syenite or 
aplitic dikes and the dump contains a small amount of good copper 
ore. A cut to the west of the tunnel shows 8 feet of banded greenish 
chloropal-gamet vein or lode material containing some mineral and 
with the contact betwe^i granodiorite and decayed limestone sharply 
defined and dipping normally 70^ N., or outward. 

About one- fourth mile farther west, on the Great Nevada claim, at 
an elevation of about 6,970 feet, a 40-foot inclined shaft is sunk in 
the white-limestone hanging wall of the gametiferous lode, here 30 
feet wide, granodiorite forming the footwall. The dump shows 
siliceous and gametiferous banded ore. 

Half a mile farther west, on the Three Links claim, at an elevation 
of about 6,740 feet, a tunnel starting on the sedimentary side of the 
contact runs S. 60^ W., mainly in the gametiferous banded gangue 
material, which dips abnormally 80^ S. At the contact this tunnel 
exposes copper carbcmate ore in the granodiorite. Here and in an 
adjoining cut to the southwest copper ore also occurs in the joint 
planes in the granodiorite, and in both tunnel and cut the granodio- 
rite is traversed by dikes of medium-grained quartz syenite porphyry 
or aplitic rock. 

About a quarter of a mile to the northeast, on the American Eagle 
claim, on the east end of the group, at an elevation of about 6,500 
feet, one-fourth mile distant from the contact on its outer side, a 
dike of medium-grained pinkish monzonite porphyry cuts across the 
dark country-rock limestone and contains in associaticm some mal- 
achite ore. One-eighth mile south of this point, up the hill, a 50- 
foot inclined shaft, seemingly in the same dike and formation, shows 
the mineralization much better developed. About 20 tons of siliceous 
c<^per ore, which is said to carry also considerable values in silver, is 
on the dump. The limestone dips normally about 45° N. The dike 
has been considerably shattered and is traversed by quartz veins and 
stringers 8 inches in maximum width. 

CLARK GROUP. 

The Clark group consists of six or more claims owned by George 
Clark, a pioneer of the district. As shown on Plate XXI (p. 112 ) , these 
claims center about the Boston mine, to be described. The group 
joins the O'Connell group on the east, whence it extends eastward for 
nearly a mile, with the mineralized zone half a mile or more in width. 

The contact here lies at the southern edge of the zone and follows 
for the most part the crest of an isolated elongated hill or ridge 
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(Clark Hill) several hundred feet high, rising to an elevation of 
about 6,550 feet The contact zone is compound, being 150 feet or 
more wide, with inlying, upturned, apparently detadied bands of 
limestone, as at Ellen D. Mountain (p. 105), and it contains the 
siliceous syenitic or aplitic dikes; in fact, on the southeast slope of 
the hill the granodiorite is intruded by a stock of a rock standing close 
to quartz monzonite, with which the dikes are probably ccmnocted. 

The west end of the hill exposes a peculiar anticlinal structure 
where the upturned edges of silicified limestone or fine-grained 
quartzite beds, aggregating 40 feet in thickness and dipping steeply 
outward to the north, are met by equally steep and pronounced riieet- 
ing structures in the granodiorite and dikes dipping in the opposite 
direction. 

The three southerly claims, the Contact, Dakota, and Minnesota, 
are on the contact, mostly on the hill portion. On the southwest 
comer of the Minnesota, at about 150 feet in from the granodiorite 
contact, a cut shows a parallel gametiferous belt or lode 16 feet 
wide, which it is difficult to differentiate from garnetized granodiorite 
and altered limestone, but which, to judge from its alignment in 
strike with less altered beds of white limestone near by, seems to 
represent completely metamorphosed and mineralized limestone. 
Near its middle the lode contains two more completely mineralized 
bands, 1 or 2 feet wide, containing some malachite and a little chalco- 
pyrite, and a short distance to the northwest of the cut the limestone 
is banded with parallel veinlets and stringers of quartz ranging up 
to 1^ inches in width. 

On the Dakota claim, at an elevation of about 6,430 feet, the north- 
westerly side of a 12-foot shaft sunk in the granodiorite within 5 
feet of the contact shows a fairly regular mineralized vein, 8i feet 
wide at the top and IJ feet wide at the bottom of the shaft, with 
stained gametiferous quartz gangue containing some copper car- 
bonates. The dip is about vertical, with granodiorite on both walls 
and silicified limestone or quartzite dipping 70^ outward only 5 feet 
distant. To the northeast both the granodiorite and the sedimentary 
rocks are much crushed and blocky. At the northeast comer of the 
claim, about 200 feet northwest of the contact, is a ^ort tunnel, 
which, however, shows little more than the crushed brown limestone, 
with coarse calcite. 

About 1,500 feet outside of the contact, cm the south dope of the 
hill to the north, on the Bridgeport claim, at an elevation of about 
6,370 feet, an 8-foot inclined shaft shows a 3-foot mineralized bed 
in which massive garnet with considerable quartz forms the gangue 
in apparently alternating dark and light layers of silicated limestone. 
The bed contains copper carbonate, some oxide, and a little bomite. 
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On the Mary T. claim, joining the Bridgeport on the north, at an 
elevation of about 6,440 feet, a 16'foot cat exposes a 4-foot ledge 
which seems to be an altered dike or sheet of igneous rock that dips 
70^ NNW^ ctmfonnably with the bedding of the daik-limestone 
country rock, and contains sporadically distributed malachite. About 
50 feet fiirther down the slope another cut shows about 4 feet of good, 
low-grade «6 with the dip of both vein and formation straightened 
to about TertacaL Near by, on the eastern part of the southern slope 
of the hill, at an elevation of about 6,330 feet, to the north of the 
Bo8t(A mine, next to be described, occurs plentiful good-looking float, 
similar to the sulphide ore in the Boston mine. The float seems to be 
dttived from outcrops not yet discovered, farther up the slope to 
the northwest. 

mOBTOV KTNE. 

The Boston mine, as ^own on Plate XXI (p. 112), lies in the 
midst of the Clark group at an elevation of 6,140 feet The claim 
trends to the northwest, diagcmally across the gulch whidi separates 
Clark Hill on the south from higher ground on the north. Access 
is easiest trom the southeast around the foot of Clark Hill, where 
there is an old wagon road over which the ore produced was hauled 
out. 

The date of discovery was not learned, but the property was prob- 
ably discovered in the early seventies, about the time the China 
Mountain deposits received attention. The mine was worked in the 
Itte seventies, and about 1880 it made shipments of copper ore which 
were hauled by ox team and wagon to Ogden, Utah, and to Tecoma, 
Nev., whence the ore was shipped to Swansea, Wales, and to Boston. 
The ground was patented in 1900 and is developed principally by 
a tunnel, a winze, and a shaft. The production was not learned, 
but probaUy was not large. About 40 tons of low-grade ore lies on 
the dump. 

The mine is located about 700 feet to the north of the granodiorite 
contact. The country rock is the light-colored, mostly heavy-bedded 
Paleozoic limestona It is uptilted and folded and at the mine dips 
steeply out to the northeast. No dike rocks were observed in asso- 
ciation with it at the mine. Dike float, however, is present, and the 
deposit is approximately in alignment with the opening on the Mary 
T. claim, to the northwest, already described as being on a dike or 
intrusive sheet 

The deposit consists mainly of a 4-foot vein or ore bed composed 
principally of a crudely banded limy, gametiferous, more or less 
silicified or silicated gangue. It trends northwestward, nearly along 
the strike of the limestone, and it dips steeply to the northeast, about 
conformably with the limestone, or stands about vertical. Its prin- 
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cipal opening is a tunnel which, starting in the guldi, runs south- 
westward for about 30 feet, to a point where a 30-foot winze is sunk 
to the northeast. This winze contains some drift and gouging, and 
beyond the winze is a 9-foot chtunber from whidi also consi(terable 
ore was probably taken out 

The opening as a whole shows the ore minerals to be principally the 
copper carbonates and the sulphides, chalcopyrite and bomite. They 
are contained in the vein or ore bed and also sporadically distributed 
and disseminated in the wall-rock limestone, particularly along the 
bedding and joint planes. In places they deeply penetrate the lime- 
stone itself, which is locally more or less gametiferous, silicified or 
silicated, and seems to contain as much ore as the vein. A near-by 
cut shows similar though more finely banded or parallel streaked and 
veined occurrences of the ore in the silicified limestone. 

TOANO GROUF.^ 

The Toano group, also called the O'Connell mine, from the name of 
the owner, is located on the granodiorite-limestone contact zone to 
the northwest of Toano John Peak, about 2 miles west of Trout Creek, 
at an elevation of about 6,400 feet. The topography is rough but not 
rugged. A wagon road leads up Trout Creek to the property. 

The country rock is principally the light-colored limestone. It 
dips northward, away from tiie contact. The deposits are on the 
north or sedimentary side of the contact and occur chiefly in a parallel 
east-west ridge of the limestone. They are contained in four veins 
or lodes which, as shown on Plate XIV (p. 100), strike northwest- 
ward, approximately parallel with one another, and dip steeply to 
the northeast, into the mountain. These veins seem to represent re- 
placements of porphyry dikes, which are more or less completely 
altered, replaced, and mineralized in the vicinity of the workings, but 
which plainly show their true porphyry-dike character in the lime- 
stone to the northwest and in the granodiorite to the southeast. Be- 
ginning on the west, No. 1 is a good 4-foot vein containing copper 
ore ; No. 2, the most important of the group, is a lode 75 feet wide, 
composed principally of 40 per cent siliceous iron ore and containing 
at about the middle, as shown in the crosscut tunnel, a 20-inch vein 
that consists principally of copper oxide and carbonates averaging 
about 7 per cent in copper; Nos. 3 and 4, which have received but 
little exploitation, have a siliceous or quartz gangue. 

iThe information here siyen on this group, which was seen only from the region west 
of Trout Creek, was obtained chiefly from Mr. W. T. McArdle. 
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GEOGRAPHY. 

LOCATION. 

The Elk Mountain district comprises a small area a few miles 
south of the Idaho State line. As shown on Plate I (p. 10), it is 
about midway between the northern boundaries of the Jarbidge and 
Contact districts, from each of which it is distant about 10 miles. 
It is about 25 miles southwest of Bogerson, Idaho, the nearest railway 
station on the Oregon Short Line. The nearest post office is Three 
Creek, Idaho, 9 miles distant on the northwest. With both of these 
places there are good wagon road connections. By trail the district 
is 30 miles from Contact and about the same distance from Jarbidge. 
From Contact, however, a wagon road extends to the Helsley ranch, a 
good stopping place within 8 miles of the district on the southeast. 

TOPOORAPHY. 

The Icmg, gently sloping, lava-covered ridge already described as 
extending from the Jarbidge district northeastward to the dam on 
Salmon River, near the middle part of its course, near the point 
where it crosses the State line at the 115° meridian, culminates in 
an elliptical group of mountains or elongated dome-shaped mass 
studded with low peaks that trend northeast and southwest for about 
7 miles, with a maximum height of about 8,500 feet southwest of the 
State line. From the rounded, unit-like appearance of the mass on 
the north, the group is locally known as Elk Mountain, but from its 
dissected and composite character on the south it is more frequently 
called the Elk Mountains. According to J. F. O'Byme, the State 
line crosses the northeast shoulder of the group. 

On the southeast the mountains meet the surrounding lava plateau 
or plain of the Salmon River valley at an elevation of about 6,700 
feet, above which their summit rises 1,800 feet. The mountains as 
a whole probably represent up-doming by a granodiorite stock, batho- 
lith or laccolith, similar to that in the Contact district. The grano- 
diorite is exposed only in the southwestern part of the mountains, 
where they are most deeply dissected. 

The Elk Mountain district here described is located at the south- 
west end of the group, on the headwaters of Salmon River, on the 
upper south slope of the divide that separates these waters on the 
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southeast from the drainage of the East Fork of Bnineau River on 
the northwest, between elevations of 7,000 and 8,000 feet. The topog- 
raphy is mountainous and rough (PI. XXVI), being of the same 
type as that of the Contact district, and is produced by deep erosion 
in the folded Paleozoic sedimentary rocks, which have been uplifted 
and tilted by plutonic masses covered by lava and subsequently de- 
nuded. The topography is mostly of the ridge and gulch type and 
trends south-southeasterly, at right angles to the axis of the moun- 
tains. The district is drained chiefly by Fall, Lime, and Willow 
creeks, small streams that flow eastward into Wilson Creek, which 
joins Salmon River below the Helsley ranch. Pole Creek, a larger 
stream, flows near by on the southwest. 

GEOLOGY. 

Greologically and mineralogically the Elk Moimtain district^ as 
indicated on Plate I (p. 10), is a replica of the Contact district, 
already described. It consists of a central intrusive granodioriie 
core, surrounded by a zone of Paleozoic sedimentary rocks, and an 
outer field of Tertiary lavas imderlying the surface of the surround- 
ing plateau. 

It lies in the Nevada Plateau, which is underlain by the Tertiary 
lavas and lake beds resting upon the folded and eroded Paleozoic 
sedimentary rocks. The Paleozoic rocks seem to consist of the same 
formations that appear in the Contact district, namely, limestone, 
quartzite, shale, slate, etc. They have been similarly domed up by 
a stock or mass of intrusive granodiorite, which apparently so shat- 
tered the beds in the crown of the dome that it soon became the seat 
of active erosion, which stripped back the quaquaversally dipping 
beds down the sides of the dome to the points where their upturned 
truncated edges now form a rim overlooking the still more deeply 
eroded granodiorite of the central area. The dip, which is fairly 
uniform, varies from 40° to 70*^, the maximum observed being on 
the north. On the east it is about 50°, with decrease toward the 
south end. On the southeast the rim has been removed by erosion, 
which seems to be also the cause of the elongation of the central 
granodiorite area to a length of 1^ miles, against three-fourths of a 
mile in width. 

The granodiorite is similar to that of the Contact batholith, ex- 
cept that it seems on the average to contain more bisilicates, notably 
hornblende, as at the Johnson mine. It consists essentially of plagi- 
oclase, orthoclase, quartz, hornblende, and biotite, with the accesso- 
ries titanite or sphene, magnetite, and apatite. In the slide exam- 
ined, which was obtained not far from the contact, calcite^ pyrite, 
and much garnet are also present. The plagioclase seems to be 
oligoclase, about the same as that in the Contact batholith, but 
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owing to its altered condition the determination was not wholly 
satisfactory. The rock is regarded as of the same age (Cretaceoos or 
near Cretaceoos) as the Contact bathcdith. It is deeply oxidized, 
with the hornblende and feldspars much altered and sericitized, 
and, like the Contact rock, it is intruded by quartz syenite and 
quartz monzonite dikes, of which a dike of the aplitic phase occurs 
in the northwest slope of White Elephant Mountain. 

The limestone in association with the deposits is chiefly the whitish 
or light-gray, findy crystalline, closely banded or straticulate rock, 
well shown in the west spur of Red Elephant Mountain along the 
road between the Austeon camp and tunnels. 

About the middle of the east side of the granodiorite area is a low 
peak of white limest(xie known as the White Elephant, which reaches 
an elevation of about 8,070 feet, and of which the upper part is shown 
at the right in Plate XXV, A. About one-third of a mile to the 
northwest is a similar but less prominent swell known as Bed Ele- 
phant Mountain, shown in the center of the same plate. Half a mile 
east of Red Elephant and separated from it by a narrow valley or 
guldi nearly 1,000 feet deep is a prominent outlying parallel short 
ridge or peak, shown at the left in Hate XXV, A^ and at the right 
m Plate XXVI, which from its color and the scrub trees upon it is 
known as Mahogany Elephant It seems to consist mostly of dark 
slate-colored thin-bedded blue limestone, slate, and shale, which dip 
outward (east) at angles of about 40°. In a similar but longer and 
larger mountain mass about a mile farther east, beyond Lime Creek, 
whose valley here seems to occupy a syncline, the dip is at about the 
same angle in the opposite direction, or west In a similarly promi- 
nent mountainous outlier known from the rocks composing it as 
Quartzite Butte, which culminates in a sharp-created ridge or peak 
(PL XXVI, at right of center), al>out a mile to the north of the 
one last described, the beds seem to dip 40° NW. toward the axis 
of the mountains. 

If the dip of the rocks continues the same in the intervening valley 
as in Red Elephant and Mahogany Elephant, which seems probable, 
these two mountains, including the valley, expose a section about 
1,300 feet in thickness; and in case the quartzite of Quartzite Butte, 
on the trend of whose strike the section is located, occurs at the base 
of the section, as seems likely, the total thickness of the Paleozoic 
rocks must be considerably greater than 1,300 feet, probably 1,600 
feet or more. 

On the west side of the area, which lies largely in the Fall Creek 
valley, the geologic section seems to be in descending order as follows : 
Rhyolite; light-colored limestone, 600 feet; quartzite (?), 300 feet; 
granodiorite. 
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The lava encircling the liinest<me zone and underlying the plateau 
on the outer side seems to be the young rim-rod: lava of the Jar- 
bidge district, with which it is apparently continuous, though in 
places debris or small exposures of rock resembling the dd rhyolite 
of the Jarbidge district were also observed. It does not appear to 
exceed a few himdred feet in maximum thickness. It caps in scarp 
fashion the limestcme to the west of the district, and with gentle dip 
it laps upon the west and northwest slopes of the mountains, reach- 
ing for the most part to the crest Commencing at their north base 
it underlies the expansive plain, declining in long, gentle slopes to- 
ward Snake River on the north, as described in the section on the 
Jarbidge district. At a mile or more to the noriJiwest of the Elk 
Mountain district the piedmont tributary valley of the East Fork 
of Bruneau River, several hundred feet deep, is seemingly cut through 
the lava into the underlying limestona From the base of the moun- 
tains and limits of the Paleozoic rocks on the southeast the lava 
underlies a benched valley plain or mesa, several miles in width, 
which slopes southward or downstream, with the valley of North 
Salmon River, and seems to be continuous with the similar lava mesa 
in the southwestern part of the Contact district. From the base of 
the mountains the lava also inclines at a low angle laterally toward 
the river and the Helsley ranch, near which it breaks off abruptly in 
steep scarps or bluffs 100 feet or more in height overlo<^ng the 
younger portion of the valley now occupied by the river. As a re- 
sult of these conditions the tributary streams, which near the moun- 
tains flow almost upon the surface of the plain, emerge at the foot 
of the scarp through narrow, deeply cut notches or passes, affording 
in most places the only means of access to the plains from the valley 
side. 

MINERAL DEPOSITS. 

GENERAL FEATURES. 

Mineral was known in the Elk Mountain district at least as early 
as 1890, since which date W. H. Austeon, a pioneer of Silver City, 
Idaho, as well as of this district, has annually carried on work here. 
His cabin and buildings, located in the northwestern part of the 
district at an elevation of about 7,600 feet on the head of Fall Creek, 
seem to be about the only permanent camp. The district, however, 
as a whole is still in the prospect stage, its most extensive openings 
not exceeding 200 feet in depth. At present ground is held and 
assessment work is being dcme on it by a dozen or more perscms. 

As in the Contact district, the deposits occur principally in associa- 
tion with the contact zone of the intrusive granodiorite and the 
Paleozoic limestone and are regarded as of Cretaceous or near Cre- 
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taoeous age. They seepi to be mostly of the contact-metamorphic 
type, with more or less massive gametiferous chloropal and siliceous 
ferruginous matter in the gangne. 

The metal of the district is chiefly copper, with which, however, is 
associated also gold and silver. A tin can placed in the creek at the 
foot of the mountains, it is said, soon becomes copper plated. The 
gangue here is not so ferruginous as in the Contact district, nor is 
the garnet so massive. Some of it shows well-developed crystal forms 
of garnet. The minerals observed in association with the deposits are 
as follows: 



Aragonite. 


Flint. 


Molyl>denIte(?) 


Argentlte(?). 


Garnet 


Pyrite. 


Axiiiite(?) 


Gold. 


Quartz. 


Caldte. 


Hematite. 


Silver (?). 


Chert 


Limonite. 


SUbnite. 


Chloropal. 


Manganese. 





The ore minerals are maladiite, azurite, chalcopyrite, bomite, 
chrysocolla, gold, and silver. 

The deposits are mostly on the arms of a horseshoe-shaped belt 
along the east and west sides of the granodiorite area, the toe pcwrtion 
on the north being apparently more deeply buried or less favorable 
for the occurrence of mineral and its exploitation. 

The outcrops or " copper cap rock " as shown on the Austeon prop- 
erty, cm the west spur ridge of Eed Elephant Mountain near the west 
arm of the hors^oe, seems to consist mainly of reddish-brown, 
greenish, and blackish iron, copper, and manganese stained, altered, 
and in part mineralized granodiorite and limestone. Locally they 
are seemingly brecciated and here and there they constitute fair- 
grade ore. 

AUSTBON TUNNELS PROSPECTF. 

A little farther down the slope from the outcrops just referred to, 
the Austeon tunnels ground is (^ened principally by a 130- foot tun- 
nel and a 200- foot tunnel, spaced about 200 feet apart vertically, and 
both driven northward in the granodiorite to strike the Austeon 
6-foot transverse vein, which is said to average about 3 per cent in 
copper and $7 in gold to the ton and to contain some beads or small 
nuggets of native copper. The granodiorite is mostly altered and 
barren or only slightly mineralized. At about 190 feet in from the 
portal of the lower tunnel, however, which is at an elevation of about 
7,150 feet, firm, hard granodiorite is encountered, which is darker, 
with more green hornblende, than the average of this rock and con- 
tains also pyrite and calcite. 
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o'neil raOSPBCT. 

Near the south end of the west arm of the horsedioe is the CNeil 
property, owned by O'Neil Bros. It seems to be (me of the best 
showings in the district, and is said to be located cm a good-looking 
persistent ledge, much of which carries about 16 per cent of coppw. 

RED ELEPHANT INCLINE. 

The Red Elephant incline is located on ground owned by W. H. 
Austeon at the east contact^ on the upper southwest slope of Red 
Elephant Mountain, at an elevation of about 8,180 feet Following 
the granodiorite contact, which dips 30** to 40°, it extends N 30° E. 
for 155 feet in massive white fine to medium grained crystalline lime- 
stone and exposes the following section, which seems not only to be 
coextensive with the incline, but to continue beyond it in depth. 

Section <fi Red Elephant incline. 

Feet 

Crushed and partly silicated and mineralized brownish and 
mottled limestone, containing flint or chert and manganese 
oxide and running from 1 to 2 per cent of copper, mostly ia 
malachite, oxide, and chrysocoUa 8 

Garnetiferous, finely banded reddish, brownish, greenish, and 
bluish mottled altered limestone and garnetiferous chloropal 
gangue with malachite, azurite, chalcopyrite, and bomite, 
averaging as a whole about 3 per cent In copper and small 
values in gold and silver 6i 

Bedrock granodiorite. 

There seems to be here a 144-foot bed or body of low-grade ore 
which, if it continues in extent and depth, as appears to be the ca55e, 
will probably be some day profitably worked. 

OOIJ) PROSPECT. 

A few hundred yards southeasterly of the incline opening just de- 
scribed and somewhat higher up the slope, on the same Austeon 
ground and in the same limestone country ro<i, occurs a parallel 
2-foot impure quartz ledge or bed said to carry fair values in anti- 
monial gold. The ledge, which is opened by a small pit or cut and 
shows portions resembling breccia, seems to be a replacement in the 
limestone along a fault plane. The outcrops are mostly reddish and 
dark-brown iron-stained siliceous material. The antimony is present 
as stibnite in the massive form, in impure dark-gray or blackish 
submetallic-looking small sheets or veinlets, films, and irregular bod- 
ies. Associated with the deposit is also considerable iron oxide and 
some yellowish material, apparently lead, and dark argentite. 
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ESTES PROSPECT. 

The Estes prospect lies on the upper northerly slope of White 
Elephant Mountain, at an elevation of about 8,050 feet, on tiie con- 
tact between silicified gametiferous limestone and granodiorite, with 
well-developed crystalline garnet in the gangue. The principal de- 
posit consists of a bed 1 foot wide containing numerous pockets of 
good-grade copper ore. 

OTHER PROSPECTS. 

At the south end of the east contact, at the base of White Elephant 
Mountain, is the Robinette prospect, said to present a good showing. 

On the northeast or outer side of the contact zone are also a num- 
ber of outlying prospects in the limestone and quartzite, which were 
not visited in the course of this investigation. 
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PREFACK 



By Alfred H. Brooks. 



Systematic geologic and topographic reconnaissance surveys of 
Alaska were begun in 1898 and have now (1911) been carried over 
about one-fifth of the Territory. The first few years were largely 
devoted to exploration, the areal surveys being limited to the regions 
adjacent to the routes of travel. Later, areal surveys were made of 
the more important mining districts, and by 1910 geologic and topo- 
graphic reconnaissance maps had been completed of most of the 
districts that had made any considerable contribution to the annual 
mineral output of Alaska. In addition to this, detailed maps had 
been made of several of the best-developed mining camps, such as 
Juneau, Fairbanks, and Nome. This progress made it possible in 
1910 to extend the surveys into new fields and thus to cover some of 
the less important mining distaicts. 

As a result, the survey was undertaken of the area here described, 
which, prior to 1910, had been known only through the journeys 
of the indefatigable prospectors. One of the chief purposes of this 
survey was to map and investigate the Valdez Creek placer district, 
which has been producing gold for a number of years. 

The geologists, F. H. Moffit and B. L. Johnson, and the topog- 
raphers, D. C. Witherspoon and C. E. Giffin, results of whose surveys 
are here published, deserve great credit for the work accomplished. 
In a season comprising only 74 days the two topographers surveyed 
an area of 4,980 square miles and the two geologists mapped about 
2,000 square miles besides making a somewhat detailed study of the 
Chistochina and Valdez Creek placers. The geology of the Chisto- 
china region was investigated by W. C. Mendenhall in 1902, and 
the results of his investigations were published,^ but as a part of 
that district lies in the same geologic province with Valdez Creek and 
was reexamined by the MoflBt party it was decided to include a sum- 
mary of Mendenhall's report in this volume. 

* Mendenball, W. C, Oeolojfy of the central Copper River region, Alaska : Prof. Paper 
U. 8. Oeol. Surrej No. 41, 1904. 
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8 PREFACE. 

Among the important geologic discoveries here set f<n*th is the 
occurrence of Triassic sediments in this part of Alaska. They are 
locally metamorphosed by the great belt of intrusive rocks that 
bound than on the north. The auriferous gravels of Valdez Creek 
are derived from Triassic sediments, and those of the Chistochina 
region from Carboniferous sediments. In both districts the min- 
eralization is genetically related to granitic intrusives, and, as in 
other parts of Alaska, the gold-bearing veins seem to occur chiefly 
outside the zone metamorphosed by the intrusives. Igneous intrusion 
is common in this province, and it seems probable that the conditions 
favorable to the occurrence of gold may be repeated elsewhere than 
in the districts in which placers have already been developed. 
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HEADWATER REGIONS OF GUIKANA AND SUSITNA 
RIVERS, ALASKA, WITH ACCOUNTS OF THE VALDEZ 
CREEK AND CHISTOCHINA PLACER DISTRICTS. 



By Fred H. Mofftt. 



INTRODUCTION. 

The purpose of this paper is to describe the geology and mineral re- 
soarces of an area between the upper parts of Susitna and Gulkana 
rivers. The work on which the description is based was wholly recon- 
naissance in character and was not sufficiently careful or extensive 
to permit accurate mapping of formation boundaries in many places 
nor to determine fully the structural and stratigraphic relationships 
between the various rock masses referred to here. 

The lateness of the spring and the time consumed in traveling to and 
from the field of work at the beginning and the end of the summer 
reduced the time available for geologic work during the open season 
of 1910 to 69 days, of which a week was spent in visiting the Chisto- 
china gold-placer district, leaving only 52 days for studying the 
region west of the Gulkana. The geologic work was part of a larger 
plan that included topographic as well as geologic mapping, with 
the object of extending westward the surveys begun by T. G. Gerdine 
and W. C. Mendenhall in the upper Copper River valley in 1902. 
This work, the first done by the United States Geological Survey in 
the headwater region of Susitna River, was undertaken primarily 
because of the importance of the Valdez Creek gold-placer district 
and the nimierous requests that have been made for information 
about it. 

The topographic mapping was in charge of D. C. Witherspoon, 
who was assisted by C. E. Giffin.. Their surveys are embodied in the 
topographic map published with this report (PL I, in pocket) and 
form the base for the geologic map that accompanies it. The geologic* 
map (PI. II, in pocket) represents the work of B. L. Johnson and 
the writer. Mr. Johnson was associated with the writer in the field 
studies and prepared the office drawings of the geologic map. These 
maps, together with those surveyed by J. W. Bagley and S. R. Capps^ 

1 Capps, 8. R., The Bonnifleld region : Bull. U. S. Geol. Surrey No. 501, 1912. 
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in this same year (1910) , give a complete section across the Alaska 
Range. 

Although the investigations were carried on in a district that had 
not been previously described, reference should be made to earlier 
work in adjacent districts both to the east and to the west The 
earlier investigations were begun in 1898, wh^i G. H. Eldridge ^ and 
Robert Muldrow, of the United States Geological Survey, ascended 
the Susitna to Indian Creek, where they left the main river and made 
their way north into the Alaska Range as far as Yanert Fork of 
Nenana River. Their trail along Jack River brought them to a point 
within 30 miles of the head of Susitna River and directly west of it. 
This trip was made under great difficulties, owing to unfavorable 
weather conditions, failure of supplies, and inexperience in Alaska 
work, but it yielded the only information yet secured concerning the 
geology of the district between Susitna River and the Nenana. 

In the same year (1898) W. C. Mendenhall,^ of the United States 
Geological Survey, who was attached to a military expedition under 
Capt. Glenn, crossed the Copper River lowlands from Matanuska 
River to Delta River and descended the latter stream to a point less 
than 10 miles from Tanana River. The route followed by this expe- 
dition was from Matanuska River, at Hicks Creek, in a general north- 
easternly direction past the east end of Lake Louise, one of the large 
Susitna lakes, to the Tangle Lakes. Two large branches of Gulkana 
River were crossed between Lake Louise and the Tangle Lakes and 
were supposed at that time to be the Gakona and Chistochina rivers 
represented on Lieut. Allen's map. From the Tangle Lakes country 
the route led down the east bank of Delta River as far as Jarvis 
Creek, at which point the greater part of the expedition turned back 
because of failing supplies. 

The surveys of 1902 differed in character from the two explora- 
tory expeditions just referred to. In that year T. G. Grerdine and 
W. C. Mendenhall * made a reconnoissanoe topographic and geologic 
map of a large area, including the central Copper River district and 
the south slope of the Alaska Range from Delta River to a point 
within a few miles of Mentasta Pass. Their work will be referred to 
later in this report 

Reports of minor scouting trips made to their superior officers by 
members of the two military expeditions in charge of Capts. Glenn 
and Abercrombie, in 1898, are contained in the reports of these two 
officers to the War Department 

^Eldiidcre, G. H., A reconnaissance in Susitna basin and adjacent territorj, Alaska, in 
1898 : Twentieth Ann. Rept. U. S. Geol. Survey, pt 7, 1900, pp. 7-29. 

* Mendenhall, W. C, A reconnaissance from Resurrection Bay to Tanana River, Alaska, 
in 1898 : Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 271-340. 

* Mendenhall, W. C, and Schrader, Frank C, The mineral resources of the Mount 
Wrangell district, Alaska: Prof. Paper U. S. Geol. Survey No. 15. 1903. Mendenhall, 
W. C, Geology of the central Copper River region, Alaska : ProL Pai>er U. & GeoL Sur- 



Digitized by CjOOQIC 



liOOATION AJSJy AB£A. 



11 



The writer wishes to express his appreciation of the kindness 
shown to himself and to members of his party by ihe miners of 
Valdez Creek. They are too many to mention individually, but he 
is particularly indebted to Mr. Peter Monahan, Mr. William Grc^, 
and Mr. Clark Duff for information about the history of mining on 
Valdez Creek and for many facts concerning its gold placers that he 
would not have obtained except for their interest in the work. The 
writer is also greatly indebted to Mr. B. L. Johnson for many sug- 
gestions and for much valuable aid in the preparation of this paper. 




FiGcu 1. — Outline map of a part of southern Alaska, showing the area represented by 
Plates I and III (in pocket). 

GEOGRAPHY. 

LOCATION AND ABEA. 

The district under consideration lies south of the Alaska Range 
and includes parts of the drainage basins of Copper River, Susitna 
River, and Tanana River. It is included within meridians 145** 20' 
and 147^ 40^ west longitude and parallels 62^ 20' and 63^ 40^ north 
latitude. Approximately 5,000 square miles of the quadrangle thus 
defined was surveyed in 1910 and is represented on the topographic 
map (PI. I, in pociet) . The location of this quadrangle is shown on 
the outline map of southern Alaska (fig. 1). 
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12 HEADWATEBS OP GULKANA AND SUSITNA BIVEBS. 

Gulkana, on the military road from Valdez to Fairbanks, is just 
within the southern boundary of the area mapped, and at the present 
time is the point of entry for the district The mapped area ex- 
tends from the latitude of Gulkana north to the summit of the 
Alaska Range. Gulkana River and Susitna River mark its eastern 
and its western limits. 

TOPOGBAFHY. 

RELIEF. 

The topographic map represents a district whose northern bwder 
is made up of high, rugged mountains (PI. VII, A^ p. 52), most of 
which are well above snow line, and consequently form a gathering 
place for snows and ice that supply scores of glaciers and give rise 
to hundreds of streams. The axis of the Alaska Range, within the 
limits of the map, runs west-northwest from the mountains at the 
head of Gulkana Glacier through Mount Hayes to Cathedral Moun- 
tain, near the western 'border of the map, where it swings to the 
west^ and finally to the southwest, beyond Nenana River, toward 
Mount McKinley. 

South of the high, snowy mountains that here form the backbone 
of the Alaska Range is a parallel range, scarcely separated from 
the main range west of Maclaren River, but entirely distinct to the 
east. The mountains composing this parallel range are also rugged, 
but their peaks are not so high as those on the north, and the snow 
fields and glaciers are absent or are too small to be considered. Li^^ 
the main range on the north, the trend of these mountains changes 
from west-northwest to west from Delta River and becomes south- 
west beyond Susitna River. Still farther south is a third parallel 
ridge with an east- west trend, made up of low rounded hills. This 
ridge is separated from the higher one on the north by a broad de- 
pression and merges on the south into the lake-dotted flats of the 
Copper River lowland. Thus, within a distance of 50 miles froi^ 
north to south, the remarkably rugged topographic forms of the 
snow-covered Alaska Range change to the monotonous level of the 
great interior basin of Copper River and the upper Susitna. 

The difference in relief between the highest and the lowest points 
within the district is approximately 12,000 feet; Gulkana is 1>300 
feet above the sea ; and Mount Hayes, the highest peak in this part oi 
the Alaska Range, is almost 14,000 feet above sea level. Susitna 
River, at the mouth of the Maclaren, is approximately 2,400 ferf 
above the sea. In a very general way it may be said that the eleva- 
tion of the main part of the Alaska Range from Delta River to 
Mount Hayes ranges from 7,000 to nearly 14,000 feet above sea level; 
the average elevation of the next range to the south is about 6)^0 
feet ; and that of the third and lowest range about 5,000 feet above 
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sea level, or only 3,000 feet above the lowlands of the Copper and the 
Susitna. Such figures, of course, are not intended to be accurate, but 
they serve to give a better idea of the relief of the region than would 
be gained without careful study of the topographic map. 

The topography of the northern half of the mapped area every- 
where gives evidence of the effects of intense and recent glacial ac- 
tivity. This is shown most plainly in the rugged mountain areas 
by tiie forms of the valleys and in the more open country flanking 
the mountains by morainic deposits. Farther south the evidences of 
glaciation are not so marked, but the broad gravel plains with their 
hundreds of lakelets and their acres of marshy ground are doubtless 
doeely connected in origin with the invasion and retreat of the ice. 

Topographic forms in the southern half of the mapped area 
present a marked contrast to those of the northern half. The hills 
and mountains rise from a basement lowland where flat or rolling 
country predominates. A few prominent isolated mountains, like 
the one north of the lower part of Maclaren River, together with the 
ridge south of it, appear to belong to an older topography than the 
high country to the north. Angular outlines have been replaced by 
smooth, rounded contours, and in many places flat-topped and ter- 
raced hills are prominent features of the sky line. 

The lowland area possesses little relief. Low gravel ridges are 
scattered over it and the streams have intrenched themselves in its 
surface, but these features are so slight as to attract little attention 
when seen from the bordering hills. From the vicinity of Lake 
Louise the lowland slopes gently toward Susitna River on the west 
and toward Copper River on the east. Copper River and the lower 
parts of its tributary streams have incised their channels several 
hundred feet below the general surface. Susitna River, on the other 
hand, in that part of its course represented on the map, has not been 
able to depress its channel much below the level of the adjacent 
gravel plains and shows no such gravel bluffs as those present along 
Copper River. The central part of the lowland seems as yet scarcely 
to have been affected by stream erosion. 

DRAINAGE. 

The district extending west from Gulkana River to Susitna River 
on the south side of the Alaska Range belongs to three main drainage 
systems — ^those of Copper, Susitna, and Tanana rivers. The eastern 
half of the district is drained by Delta and Gulkana rivers and the 
western half by Susitna and Nenana rivers and their tributaries. 
Both Delta River and Nenana River belong to the Tanana drainage 
basin, for although they originate on the south side of the Alaska 
^nge, they cut through it and flow into Tanana River. Delta River 
drains approximately one-fifth of the eastern half of the district; 
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Nenana River only a few square miles in the northwest comer of the 
western half. Most of the Susitna drainage is frcmi the glaciers and 
snow fields of the high mountains; most of the Gulkana drainage is 
from the lowlands; but that of the Delta is derived in about equal 
amounts from the glacier waters of Eureka and Phelan creeks and 
the clear-water streams of the intermediate range and Hie Tangle 
Lakes region. 

Gulkana River heads in Gulkana Glacier, but receives most of its 
water from two branches that rise in the lake country on the west 
It is a clear- water stream below Gulkana Lake, because Summit Lake 
and Gulkana Lake act as settling tanks for the silt-laden water from 
the glacier. Moreover, for a year or two most of the glacier water 
has been diverted to Phelan Creek and thence to Delta River, so that 
only a very small part reaches the Gulkana. These conditions were 
reversed a few years ago, and doubtless will be again, for the rivep 
swings back and forth across the gravel bars as the d^ris from the 
glacier accumulates along the channel. 

Three streams, fed by the melting ice of three large glaciers, unite 
to form the head of Susitna River. The water from this source is 
augmented by a number of ^nailer clear-water streams, including 
Boulder Creek, Valdez Creek, Windy Creek, and Clearwater Creek, 
and by a large glacial stream, Maclaren River. The part of Susitna 
River shown on the map flows over a broad gravel plain, but just west 
of the mapped area it makes a great bend to the right and flows 
westward for nearly 75 miles in a succession of rapids and smooth-, 
water stretches through a narrow, mountain-inclosed valley. 

The northern or high-mountain part of the district under con- 
sideration has a well-developed drainage system. Lakes are few, 
but streams are many and vigorous. The quantity of water in the 
run-off, like that of all glacier districts, depends on the season of the 
year, local weather conditions, and the time of day; in other words, it 
depends largely on the amount of glacier ice melting, as well as on 
the rainfall. 

The southern lowland district, on the other hand, including most 
of the Gulkana drainage and a part of the Susitna drainage not 
represented on the map, is poorly drained. It is a lake country with 
a great area of marshy land, crossed by a few deep, sluggish streams. 
From, any elevated point around its border hundreds of small lakes 
can be seen, and a journey across the lowland in summer involves 
continuous effort to avoid wet ground. All these small lakes, as 
well as the Susitna lakes, including Lake Louise, which is drained 
by Tyone Creek, and the large unnamed lakes between Lake Louise 
and Gulkana River, owe their existence to the lack of a well- 
developed drainage ^stem. The streams have not yet intrenched 
themselves deeply enough into the gravel plain to drain away the 
Water that accumulates on its surface. 
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CUIIATX. 

The climatic conditions of the upper Susitna and Copper River 
regions that are of most interest to miners and prospectors have to 
do with the length of the summer and winter seasons, the varia- 
tions of temperature, the amount of precipitation, and the propor- 
tion of fair or stormy days. These ccmditions can be described here 
only in a general way, because no weather records are available for 
more comprehensive discussion^ 

For practical purposes the year may be regarded as made up of 
an open season — summer, and a closed season — ^winter. The length of 
these seasons differs slightly in the mountain and lowland districts, 
the summer being a little diorter and the winter a little longer in 
the mountains than in the op^i country. Mining is begun on the 
placer claims along Valdez Creek early in June. Those who have 
horses leave the creek by September 10, in order that they may 
reach the coast before grass fails. Others stay a few weeks longer 
and go out with dog teams on the first ice of November. From 90 
to 100 days, therefore, are available for mining operations and the 
rest of the year may be said to be winter. Underground mining, of 
course, can be carried on through the whole year. 

Ranges of t^nperature in this interior r^on are great. The 
mercury sometimes falls to 40^ or 50*^ below zero on the coldest 
winter days and sometimes rises to 85° or more in simuner. A tem- 
perature of 94° has been known at Copper Center. Most of the sum- 
mer days, however, are comfortably cool, and many of the nights 
are cold. 

Snow may fall on the higher mountain tops at any time of the 
year, but in summer precipitation in the valleys is in the form of 
rain. During the months of August and September rain in the 
valleys is nearly always accompanied by snow on the mountain tops, 
but such snow usually disappears within a few hours. A few inches 
of snow covered the valley of Valdez Creek on September 1, 1910, 
but doubtless soon melted. A heavy snow that remained till the 
following spring fell at Paxson on September 17, 1909. These early 
snows afford good traveling, because they are not deep enough to 
make trail breaking difficult. 

The amount of rain and snow that falls on the south slope of the 
Alaska Range is considerable, yet much less than that along the Pa- 
cific Coast of Alaska. Valdez Creek is regarded as a rainy district 
by the miners, although the precipitation there is probably less than 
it is farther east. Rainfall seems to vary much with local conditions, 
so that marked differences are noticed in localities only short dis- 
tances apart; for example, it was said that the number of cold wet 
days in the smnmer of 1910 was greater at Paxson, on the military 
road, than at Myers, only 16 miles south at the edge of the foothills. 
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The rainfall at Gulkana and other points in Hie lowland along the 
military road is decidedly les^ than in the mountains; the grass on 
the benches dries before the end of sununer, and it is necessary to 
provide some means to irrigate gardens. The snowfall of the low- 
land is also light Snows come first in the latter part of September 
or early in October and remain till May, depending on the elevation 
above sea level and the character of the season. The heavy snows 
come late in the winter, and the miners endeavor to land supplies 
and other freight at the mining camps before the snow gets deep 
enough to be a serious obstacle to travel. 

A record of the weather conditions, kept by the writer in the 
simimer of 1910, covers 72 days, from June 28 to September 7, in- 
clusive, and shows 28 days that were called fine, 16 that were fair, 
7 that were cloudy all day, and 21 on which it rained part or all of 
the day. The smnmer of 1910 was regarded by the miners of the 
district as an unusually favorable season in respect to weather con- 
ditions. 

VEOETATIOK. 

It is not the purpose of this report to describe the vegetaticm of 
this district further than to give the more general facts concerning 
the distribution of timber and the supply of grass for stock. 

Spruce is the only wood of particular value in the area visited. 
Cottonwoods grow along the lowland streams, and willows along the 
streams that extend above the limits of spruce in the mountain areas, 
especially along the bars of the creeks ; but spruce is the important 
timber, both in respect to economic value and to distribution. Tim- 
bered areas as described here are in general, therefore, areas of 
spruce, and the timber line is the upper limit of spruce. 

If a line is drawn across the map (PI. I, in pocket) in an east-west 
direction through the middle of Gulkana Lake, it will represent 
approximately the northern boundary of the timbered country. 
Nearly all the country to the south is timbered land, and most of the 
country to the north is without timber, but there are a number of 
important exceptions to this general condition. Spruce grows scat- 
teringly along the Susitna Eiver as far north as the glaciers at its 
head, and small areas along the river are heavily timbered. Small 
patches of spruce are found, too, on the upper part of Clearwater 
Creek, on Maclaren Eiver, to a point a few miles above the mouth 
of the west fork, and around the Tangle Lakes. Timber is present 
on Delta River at Garrett's cabin. On Phelan Creek, on Delta River 
northward from Phelan Creek, and north along Gulkana River to 
within a mile or two of Summit Lake. 

The timber line ranges from 2,500 to 3,000 feet above sea level. 
It is commonly not higher than 2,500 feet in the lower country south 
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of the middle range of mountains, but it reaches 3,000 feet at the 
head of Susitna River. Spruce timber is heavy on the south slope 
of the mountains between the two big glaciers at the head of Susitna 
River up to an elevation of 3,000 feet above the sea. Good timber 
also grows about the lower end of Valdez Creek, extending south 
along the lower hill slopes beyond Windy Creek. This is a fortu- 
nate circumstance for the miners, for it furnishes them with lumber 
and firewood almost at their doors. Timberline Creek, which enters 
Valdez Creek from the south about 2 miles above the mouth of Val- 
dez Creek, was so named because it marks the eastern limit of spruce 
timber in the Valdez Creek valley. 

Most of the streams are bordered with willows to an elevation con- 
siderably above the timber line. These willows are of great value 
to the traveler, for they provide the only firewood available in many 
places within the mountain area. Small willows and a dwarf birch, 
nsually called " buck brush " in this r^on, grow on the lower moun- 
tain dopes and on the tops of the lower hills; but they are of no 
value to the miner and in many places are a serious obstacle to travel. 
The birch is especially troublesome because it grows so thickly as to 
form a tangle hard to penetrate ; its stems, rough and crooked, hang 
together so that a pedestrian must exercise great care to prevent 
them tripping him or tearing his clothes, and at best make travel 
exceedingly tiresome. Alder is not so plentiful in this district as it 
is on the coast or in many parts of the Copper River and Susitna 
regions, yet there is a considerable growth in the vicinity of the Delta 
River forks and in a number of other places. 

In the lowland areas spruce trees are intermingled with large cot- 
tonwoods along the streams and with groves of poplar or aspen on 
the higher land. The spruce does not attain as great a size on the 
open higher ground as along the stream channels, and the timber 
seen along the military road or in crossing the lowlands at other 
places is small. Many acres of it have been burned years ago, leaving 
the country covered with a forest of bare poles that fall as the roots 
decay and the wind overturns them. Extensive fires in the timber of 
the lowland area in the fall of 1910 destroyed many of the new 
bridges and culverts along the military road. Some of these fires 
were probably set deliberately, either to see them bum or to get rid 
of the mosquitoes, but probably most of them were due to careless- 
ness in one form or another on the part of travelers. Settlers use the 
dry poles of the burned districts for firewood and for fencing, but 
most of it is practically valueless. In fact, it may be said of most 
of the lowland timber away from the stream courses that it is either 
of inferior quality or entirely unfit for lumber. 

No attempt was made to collect or study the numerous grasses of 
the district between Gulkana and Susitna rivers. The supply and 
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distribution of the grasses, however, are of great importance to the 
traveler with horses. Forage is scarce in the lowland district, al- 
though grass grows around some of the lakes and in places along ihe 
streams. Only a few places along the military road between Gulkana 
and Summit Lake afford enou^ grass for horses, so that travders 
dependent on the country for supplies for their animals are obliged 
to make their camps according to the distribution of the grass and 
not by the length of day or the strength of the stock. On the other 
hand, grass is plentiful about the timber line in the mountain region, 
both in the stream valleys and on the hill slopes. In places the 
growth is luxuriant. Grass as high as a man's shoulder was seen on 
Valdez Creek where the brush had been burned off several years ago. 
The end of the working season for many of the miners who use 
horses is determined by the severe frosts, because the horses are 
obliged to leave for the coast before the feed gives out. Most of the 
grass loses its value for forage as soon as frost strikes it Although 
it appears to be good, horses eating it lose strength rapidly unless 
grain can be fed at the same time. According to Mr. A. J. Paxs<Mi, 
native grass for horse feed can not be depended on earlier than June 
15 or later than September 5 in the vicinity of Gulkana and Summit 
lakes. In some years it may start earlier in the spring or live longer 
in the fall, but these dates define the limit of safety in that locality. 
The growing season is shorter than in the lowland, where grass comes 
up a week or two earlier and lasts about as much longer. The supply 
of native feed along the military road is less important now than 
formerly, for grain can be purchased at nearly all the road houses. 

POPULATION. 

The population of the district is small. The white population is 
confined to Valdez Creek and to a few localities along or near the 
military road. There are three military telegraph stations and nine 
road houses between Gulkana River and Canwell Glacier. At the 
three telegraph offices there are in all about a dozen soldiers, includ- 
ing operators and linemen belonging to the Signal Corps. The num- 
ber of people, exclusive of transients, who live at each of the road 
houses ranges from two to six in sunmier, but is perhaps a little 
greater in winter. Between 20 and 25 men were mining on Valdez 
Creek in 1910, and about 10 more were either prospecting or mining 
in other localities. Thus it appears that the white population in the 
simmier of 1910 was about 60 or 65 in all. 

The district has a small native population, but no estimate of its 
number was attempted. Several of the Indian families have their 
winter quarters at Gulkana and others near Susitna River and the 
Susitna Lakes. One family lives on Valdez Creek. These families 
are widely scattered in the summer at the fishing stations along the 
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rivers and later in the season in the hunting grounds. It is there- 
fore difficult to get a correct idea of their number at these times, 
when little is seen of them on the regular lines of travel. 

TBAILS AND TSANSPOBTATION. 

Transportaticm in this district, as in almost every other part of 
Alaska, is one of the most serious difficulties connected with mining. 

In the early days supplies for use on Valdez Creek were freighted 
across Valdez Glacier to Klutina Lake and from there to Susitna 
Biver at the mouth of Tyone Creek, from which place they were 
taken over the river ice to their destination without serious diffi- 
culties. The most objectionable part of this route is Valdez Glacier, 
where the obstacles to be overcome are so serious that the route was 
given up as soon as the military trail was well established. The 
trail ascended St Ann River, on the north side of Klutina Lake, 
crossed Lake Hudson, Taslina Lake, and the Susitna Lakes, and then 
descended Tyone Creek to Susitna River. The grades after cross- 
ing Valdez Glacier are not heavy. 

Nearly all the supplies used on Valdez Creek for the last five or six 
years have been freighted over the military trail from Valdez to 
Gulkana, and thence to Valdez Creek by way of the west fork of 
Gulkana River and Maclaren and Susitna rivers. The difficulty of 
crossing the coast range by this route, as by the other, is serious 
and is one of the principal causes of the high cost of freighting 
into the Copper River basin, but improvements made from year to 
year on the military irail, which was at first suitable only for pack 
horses and narrow sleds, have transformed it into a road, which is 
practically ready for travel with wagons throughout its full length 
from Valdez to Fairbanks. A few large bridges and a number of 
culverts still remain to be completed, but doubtless most of them will 
be in place before the end of 1911. Ditching and grading will also 
be required on some stretches, but even in its present condition the 
road represents a great improvement over the old trail and reflects 
much credit on Col. Richardson and his associates of the Alaska 
Road Commission. During the summer of 1910 a new road was cut 
through from the military road to Chitina, the new town on the 
Copper River & Northwestern Railway, on the west side of Copper 
River, opposite the mouth of Chitina River. The new road branches 
off the old road at Willow Creek, about halfway between Tonsina 
and Copper Center. It runs east-southeast to Copper River and fol- 
lows its west bank to the railroad. A bridge over Tonsina River, 
which was necessary to make this road available for general use, was 
completed in the winter of 1910-11. 

The winter trail from Gulkana to Valdez Creek, as previously 
stated, follows Gulkana River to the head of its west fork, then 
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passes the round-topped hill on the north by way of a low divide and 
coraes out on Maclaren River about 7 miles from the Susitna. From 
the mouth of Maclaren River it follows the Susitna to Valdez Creek. 
The distance from Valdez to Gulkana is 128 miles, and from Gulkana 
to Valdez Creek approximately 125 miles. This trail, aft^ the coast 
range is passed, offers very favorable grades for freighting. From 
Gulkana travel is almost continuously on the river ice, snowplows 
being used to break the trail ahead of the sleds. In favorable seasons 
travel is attended with little difficulty, but an effort is always made 
to reach Valdez Creek before the heavy snows of the late winter. 
This is accomplished more easily now than in former years, because 
the road through Keystone Canyon makes it possible to start from 
Valdez with freight before the river freezes in the canyon, thus 
saving a month or more at the beginning of the trip. 

The cost of freighting from Valdez to Valdez Creek averages about 
30 cents per pound. Under the most favorable circumstances it might 
be reduced to 20 cents, but the experience of several years has shown 
that 30 cents is not far from the average cost. It seems likely that 
the cost of freighting may be somewhat reduced with the opening for 
business of the Copper River & Northwestern Railway, but this will 
depend, of course, on the rates established. 

Summer travel between Valdez Creek and the military road is 
over a somewhat different route from that followed in winter. The 
trail leaves the road at Bear Creek, about 1 mile south of Gulkana, 
and runs northwest to Maclaren River. It keeps to the east of the 
round-topped mountain between Maclaren River and Clearwater 
Creek, and leads to Valdez Creek by way of the Roosevelt Lakes pass. 
This trail is indicated on the map (PI. I, pocket). Much of it is 
over wet ground, and travel with horses is so difficult that there has 
been a desire since the military road was put through from Gulkana 
to Fairbanks to find some shorter and better route connecting with it. 

Two other routes have been tried. The more northern one is by 
way of Eureka Creek to the east fork of Maclaren River and thence 
across Maclaren River and its west fork to Roosevelt Lakes, west of 
Clearwater Creek. The other trail starts at Paxson and passes 
through the northern part of the Tangle Lakes district to the west fork 
of Maclaren River, from which point the trail is practically the same 
lis the one just described. The distance is about 65 miles. The Eureka 
Creek trail is slightly shorter and crosses fewer ridges than that from 
Paxson; but it has the disadvantage of considerably increasing the 
total distance between Gulkana and Valdez Creek. Both trails are 
above timber line and the supply of firewood is limited to willows, 
so that neither route would be practicable for winter travel under 
present conditions, even if they afforded as favorable grades as tlie 
one now used. Either, however, would be a practicable summer mail 
route. 
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An attempt was made several years ago to establish a winter freight- 
ing route b^ween Valdez Cre^ and Indian Creek, on Susitna River, 
but it was not found practicable at that time and there has been no 
attempt since then to renew it A small amount of freight is brought 
from Fairbanks each winter by way of Nenana River, 

OENERAIi OEOIiOGT. 

ST&ATIGBAPHY. 
INTRODUCTION. 

The hard-rock formations of the region under discussion are com- 
plicated in structure and a clear understanding of their strati- 
graphic relations and areal distribution was not gained in the short 
time available for study in the field. They include both sedimentary 
and igneous rocks, and range in age from pre-Ordovician (?) Birch 
Creek schist, throu^ Carboniferous or possibly earlier to upper 
Eocene. 

GULKANA AND SUSITNA BIVER BEG TON. 

In summarizing the general geology represented on the map (PI. 
n, in pocket) it may be said that, aside from the Birch Creek schist, 
the rooks of this region which are thought to be oldest consist of 
greenst<mes, slates, tuffs, conglomerates, and quartzitic beds, to- 
gether with a minor amount of limestone, all metamorphosed to a 
greater or less degree and locally changed into schists. These sedi- 
ments, which are probably of Carboniferous age, form a belt extend- 
ing east and west along the south flank of the high central part 
of the Alaska Range. (See PI. II.) They were not fully differ- 
entiated from the massive rocks to be mentioned later. South of 
these sediments is a belt of heavy dark-colored, igneous rocks, con- 
sisting largely of amygdaloidal lava flows, with which is associated a 
minor amount of tuffs and tuffaceous conglomerates. The age of 
this succession of flows and tuffs is in doubt, but they are thought to 
be younger than the Carboniferous rocks previously referred to and 
older than the Upper Triassic rocks. Somewhat later than the extru- 
sion of the lavas there was laid down a succession of slates, sandy 
shales, and limestone that contain fossils and are definitely deter- 
mined to be of Upper Triassic age. Their distribution is only partly 
known. 

The f<Minati(His enumerated, which include everything in the region 
dder than Eocene, are cut by granular intrusives, which are believed 
to be of Jurassic or later age. The most common and notable of these 
are diorites or quartz diorites and related granular and porphyritic 
•rocks. They occupy a considerable proportion of the mapped area 
and are especially abundant in the vicinity of upper Susitna River. 
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They are not the only intrusives in the region, however, for dark basic 
dikes were seen at various localities. Lastly there was deposited a 
succession of shales, sandstones, and conglomerates of different de- 
grees of consolidation, containing beds of lignite, and these are corre- 
lated with the Kenai formation of the Susitna Basin and are believed 
to be chiefly of Eocene age. Part of these beds, however, consist of 
unconsolidated deposits difficult to distinguish from the later uncon- 
solidated Quaternary sands and gravels. 

All the rocks mentioned have been folded and locally at least are 
much faulted. No unconformity in deposition was actually observed 
either below or above the Upper Triassic sediments, but the absence of 
upper Carboniferous and Lower and Middle Triassic deposits below 
and of later Mesozoic deposits above is attributed to erosion intervals 
during these times or to erosion intervals and faulting. Such erosion 
intervals might result in unconformity of deposition between the 
Carboniferous sediments and the lava flows, between the lava flows 
and the Triassic deposits, and between the Triassic and the Eocene 
deposits. 

The following table presents in a somewhat different way the 
summary just given : 

Qeoloffic column of the upper Susitna-Gulkana district. 

Quaternary : 

Recent Stream gravels, sands, and sUts. 

Pleistocene > Glacial gravels and moraine deposita 



Unconformity. 
Tertiary : 

Tipper Eocene (Kenai formation?) 

Unconformity. 



Unconsolidated sand and gravel 

with lignite deposits. 
Sandstone, shale and conglomerate 

with lignltic coal beds. 



Jurassic (?) or later Granular intrusives, diorite, quartz 

diorite, and related forms. 

Upper Triassic Shale, sandstone, slate, arkose, lime- 
stone, tuffs, and lava flows. 

Unconformity. 

Carboniferous or later Basic lava flows, tuff, and tuffaceous 

conglomerate. 

Carl)oniferous Slate, tuff, quartzite, limestone con- 
glomerate, and granular intru- 
sives. 

Probably pre-Carboniferous Greenstones with some schist and 

granitic and basic intrusives. 

Pre-Ordoviclan (?) (Birch Creek schist). -Highly altered sediments with igne- 
ous Intrusives. 
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0HI8T00HINA DI8TBI0T. 

It will be necessary in the pages that follow to make frequent 
reference to the work of Mendenhall ^ in the adjacent region on the 
east, and for that reason it is desirable to introduce here a summary 
of the geology described by him and to give a reprint of part of 
his geologic map (PL III, in pocket) in order that the areal distribu- 
tion of the rock fbrmations may be understood. 

The oldest rocks represented on his map are micaceous schists that 
here make up the central part of the Alaska Range. They were 
mapped by him as the Tanana schist, but the " Tanana " schist has 
since been correlated with the Birch Creek schist, the older name, and 
" Tanana " has been abandoned. No conclusive evidence for the age 
of the Birch Creek schist has been found, but the formation is be- 
lieved to be older than Ordovician.^ 

Next in order of age is the Chisna formation, which includes beds 
of quartzite, arkose, pyritiferous tuff, conglomerate, and limestone, 
and is cut by porphyritic dikes and igneous rocks, such as diabase and 
diorite. It is assigned to the Carboniferous on the basis of a few im- 
perfect fossils and its probable stratigraphic position with reference 
to the formation next mentioned. 

The Mankomen formation follows the Chisna in the stratigraphic 
column. It may be separated into two divisions, the lower of which 
is prevailingly arenaceous and tuffaceous and more than 2,000 feet 
thick, the upper prevailingly calcareous and approximately 4,500 
feet thick. The total thickness of the Mankomen is therefore about 
6,500 feet. It includes beds of sandstone, shale, limestone, quartzite, 
and tuffaceous sandstone, intercalated with flows or intrusive sheets 
of diabase and andesitic lava. Fossils collected from the Mankomen 
at different localities place the time of its deposition late in the Car- 
boniferous. Originally the fossils were determined as Permian (latest 
Carboniferous), but later work in other parts of Alaska has led to the 
belief that they are really Pennsylvanian, and that the Mankomen 
formation, together with other sediments at the head of White River 
and on the Yukon at Nation River, are to be correlated with and are 
related to upper Carboniferous sediments in the Ural Mountains of 
Russia. 

The Gakona formation of Mendenhall is much younger than the 
rocks just described. It is of upper Eocene age, and consists of 
coarse conglomerate and soft gray or buff-colored shales interbedded 
with gravel, sand, and lignite beds. Marked differences exist in the 
degree of consolidation of the sediments comprising this formation. 

' Mendenhall, W. C, Geology of the central Copper River region. Alaska : ProL Paper 
D. 8. Geol. Survey No 41, 1905. 

* Brooks, A. H., The Mount McKlnley region, Alaska : Prof. Paper U. S. Geol. Survey 
Ho. 70, 1911, p. 69. 
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The basal member is a thoroughly indurated coarse conglomerate, not 
less than 500 feet thick, underlying compact and fissile shales, above 
which are slightly indurated clays and sands topped by an iron- 
stained pebble bed or cemented gravel, the highest member reco^^nized 
by Mendenhall. The total thickness of the beds included in the 
Gakona formation is estimated at not less than 2,000 feet Fossil 
plants collected from these beds were pronounced by Dr. F. H. 
Knowlton to be typical of the Kenai formaticm (upper Eocene), 
which is of fresh- water origin. 

Quaternary gravels and glacial deposits are widely distributed and 
complete the geologic section of sedimentary deposits in this district. 

In addition to the numerous dikes and sills intruded into the Car- 
boniferous sediments, two formations wholly of igneous origin are 
represented on Mendenhall's map of the Chistochina district. They 
are the Tetelna volcanics and the Ahtell diorite, regarded by Men- 
denhall as of upper Paleozoic age. The Tetelna volcanics consist 
largely of altered andesites intruded by basic dikes, for the most part 
of diabase, but in some places of diorite. The Ahtell diorite is a 
massive quartz diorite, pink or brownish red in color, and was con- 
sidered by Mendenhall to be older than the Mankomen formation. 
Possibly, however, the diorite may belong to the period of Mesozoic 
intrusion, to be described later. 

Structurally the Mankomen formation lies between the Birch Creek 
schist and the Chisna formation. It is separated from the Birch 
Creek schist by a great fault which finds expression in a prominent 
topographic depression, and from the Chisna formation by another 
fault, making it appear to have been dropped below its proper strati- 
graphic position. The displacement between the MankcMnen forma- 
tion and the Birch Creek schist is considered by Mendenhall to be 
not less than 10,000 feet. In general the beds of the Chisna forma- 
tion dip southward, and those of the Mankomen dip to the north. A 
general southward dip is characteristic of the beds of the Gakona 
formation in their exposures between West Fork Glacier and Gakona 
Glacier, where they cap a high ridge and form the southern slope of 
the mountain. 

These four formations include the most important rocks of the 
Chistochina district; all but the Mankomen are also represented in 
the district west of Gulkana River. 

PRE-ORDOVICIAN (?) ROCKS. 
BUiOH CREEK SCHIST. 

A small area of Birch Creek schist along Delta River is represented 
on the geologic map (PL II, in pocket). It, however, is outside the 
district visited by the writer, and the description of the rocks found 
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there is based chiefly on that of Mr. Capps,* who studied the geologic 
formations on the north slope of the Alaska Range between Delta 
Biver and the Nenana in this same year (1910). 

A more general description of the Birch Creek schist is given by 
Brooks/ who describes it on his geologic map as consisting of 
'^Micaceous, graphitic, gametiferous quartz schists, and schistose 
qoartzites with s<»ne limestones, also including some greenstones and 
other igneous rocks, locally mineralized and auriferous." 

The known areas of Birch Creek schist extend eastward in the 
region north of the Alaska Range from the vicinity of Mount Mc- 
Kinley into Yukon Territory. Capps describes the formation where 
studied by him as showing much variation in the character of its 
component members, yet distinctive as a whole and easily recognized. 
Highly contorted and fissile mica and quartz schists and phyllites, 
green, red, brown, or gray in color^ are the predominant rocks. In 
a few localities the fresh unaltered rocks are comparatively massive 
and mica is inconspicuous, but in weathered outcrops the fissility is 
made prominent and the large amount of mica present gives the 
surface a glistening silvery luster. Oxidation of the iron pyrite 
dianges the prevailing green color of the original rock to red or 
brown in weathered exposures. Variation in the degree of schistosity 
istiie rule rather than the exception, some of the rocks, as previously 
stated, being massive and without well-developed cleavage, while 
others split readily owing to the large amount of mica present. Beds 
of metamorphosed quartzite are interbedded with the mica schists, 
in places showing an imperfect cleavage due to the development of 
mica scales. Dense beds of graywacke and fine black slate or slaty 
schist are also associated with them. Quartz-mica schist predomi- 
nates in the district west of Little Delta River, but in the vicinity of 
Mount Hayes the less metamorphic quartzitic and slaty schists be- 
come important, so that the whole succession more nearly resembles 
that of the type locality north of Fairbanks. On Delta River 
quartz-mica schist forms an important part of the stream wash and 
is believed to be well developed, although Capps was unable to study 
the area carefully. 

The Birch Creek schist is intruded by a variety of igneous rocks 
ranging from greenstones and hornblende rocks to more acidic varie- 
ties and varying in texture from fine-grained cherty types to granite 
porphyries. These intrusives differ widely in metamorphism also, 
for some are entirely fresh, while others show almost as great altera- 
tion as the inclosing schist Capps believes that the Birch Creek 
schist in this area is derived chiefly from clastic sediments, but shows 
that igneous members were associated with them also. 

^ Capps, 8. R., jr.. The Bonnifield region: Bull. U. 8. Geol. Survey No. 501, 1912, p. 20. 
* Brooks, Alfred H., Tbe Mount McKlnley region, Alaska : Prof. Paper U. S. Geol. Sur- 
?tj No. 70, 1911, pp. 6e-«). 
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The members of the Birdi Creek schist have been closely folded 
and intensely metamorphosed, so that the structure is intricate and 
difficult to determine. In most places the bedding is obscured by the 
schistosity, yet the major structural features may be made out from 
a study of large masses of the rocks, and it is seen that the strike of 
the beds is roughly parallel to trend of the Alaska Range, while the 
dips of the beds range from 15° to 60°. 

AGE. 

The age of the Birch Creek schist has not been determined. No 
fossils have been found in it. It appears to be overlain unconform- 
ably by a succession of quartz feldspar schists containing slates and 
a little limestone that is considered by Brooks ^ to be of Silurian or 
Devonian age. He regards the Birch Creek schist, therefore, as 
probably pre-Ordovician. 

PROBABLE PRE-CARBONIFEROUS SEDIMENTARY ROCKS. 
DI8TBIBUTION AND CHARACTEB. 

About a mile north of Myers road house on the military road there 
is an area of greenish mica schist cut by light-colored granitic intru- 
sives and by dikes of dark, heavy, basic rock. The granitic intru- 
sives are sheared and have a definite cleavage, but the dark-colored 
dikes are fresher and apparently younger. The exposures are too 
poor and the examination was too brief to yield definite information, 
but the schists show much greater metamorphism than the nearest 
Carboniferous sediments toward the north nearer the zone of more 
intense folding in the Alaska Range. 

In the vicinity of the Tangle Lakes similar schists are intruded by 
dikes of light-colored, fine-grained rock, containing small hornblende 
phenocrysts, probably related to the diorite. 

The schists of these two areas lie south of the principal zone of 
lava flows and are thought to be part of a larger area of schists and 
associated igneous rocks, chiefly greenstone and diorite, that form the 
low rounded hills at the northern border of the Copper River low- 
land. 

AGE. 

Any estimate of the age of the schists would be little more than 
speculation. So far as the degree of metamorphism is of value in de- 
termining age it indicates that the schists are older than the nearest 
Carboniferous sedimentary formations toward the north (at the 
head of Gulkana River) , which are so situated with reference to the 

s Brooks, A. H., The Mount McKinley region : Prof. Paper U. 8. Oeol. Surrey No. 70. 
1911, p. 69. 
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axis of the Alaska Range that a greater degree of folding and more 
pronounced schistosity would be expected in them than in the schists 
if the disturbances that produced the range accounted alone for the 
alteration in both. Local schistosity, however, is not uncommon in 
the Carboniferous deposits. 

CARBONIFEROUS ROCKS. 

Under the heading " Carboniferous rocks " are grouped a number 
of formations of widely diflferent character. They consist of sedi- 
mentary deposits, such as conglomerates, limestones, quartzites, vol- 
canic tuffs laid down in water, and intercalated lava flows or 
intrusive sheets. The age of the sediments may be referred to Car- 
boniferous time with considerable, but not absolute, certainty. The 
massive Carboniferous limestones have been distinguished from as- 
sociated rocks on the geologic map (PL II, in pocket), although they 
are not treated as a distinct formation in the text. The basic lavas 
and tuffs are referred to the Carboniferous with less certainty, and 
Ihey may prove to be of Triassic age. 

8EDI1CENTART DEPOSITS. 
CHABACTEB AND DISTRIBUTION. 

East of Fhelan Creek and west of Delta River northward from 
Eureka Creek to Canwell Glacier, the high mountains consist of 
slates, tuflTaceous beds, quartzitic sediments, and local limestone beds 
associated with diabasic flows or intrusions and with light gray or 
greenish gneisses that probably represent metamorphosed diorite 
intrusions. These beds are much folded and in places a schistose 
structure has been developed. The weathered surfaces of many of 
them have a rusty red color that renders them particularly con- 
spicuous and makes them recognizable at long distances. The same 
rocks extend eastward to the Chistochina River region, where they 
were named the Chisna formation by Mendenhall, and westward on 
the north side of Eureka Creek to at least as far as the glacier at the 
head of the main fork of Maclaren River. Whether they continue 
west to Susitna River was not determined, but it is thought probable 
that they may extend even farther westward into the headwater 
region of Nenana River. 

In the vicinity of Canwell Glacier and eastward the Carboniferous 
deposits abut against the Birch Creek schist on the north, this posi- 
tion being due to a profound fault whose extension and location west 
of Delta River is not known. The possibility that the rocks de- 
scribed as Carboniferous include some infolded Mesozoic sediments 
will be discussed in the description of the Triassic deposits. 
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AGS AND OOBBELATION. 

The evidence for the age of the Carboniferous sediments is not 
sufficient to determine definitely the time at which they were de- 
posited. The only fossils collected are crinoid stems from the massive 
limestone beds outcropping east of Gulkana Glacier and on Eureka 
Creek, and the evidence they afford is merely presumptive. No 
fossils were obtained from the other sedimentary beds here ref^red 
to the Carboniferous. 

Some light is thrown on the problem by the relations existing in 
the region immediately east of that under consideration. Menden- 
hall * found a great thickness of Carboniferous strata in the head- 
water region of Chistochina River and divided them into the two 
formations which he named Chisna and Mankomen. 

Parts of the Mankomen formation are abundantly fossiliferous, 
and on the basis of the fossil determinations the formation was 
originally referred by Schuchert to the Pennsylvanian and then to 
the Permian, but was later reassigned to the Pennsylvanian by Girty 
and is correlated with the Pennsylvanian of the White River region * 
and with the Nation River formation * of the Yukcm. Girty's deter- 
minations show the fauna of these localities to be unlike that of 
central and eastern North America and to represent the Russian 
Gschelian of the Ural Mountains. 

Mendenhall correlated the tuffaceous beds of Phelan Creek with 
the Chisna formation, and there can be little doubt that the correla- 
tion is correct. The Mankomen formation, however, appears to have 
been faulted out, for no evidence of it has been recognized west of 
Gulkana Glacier. Mankomen fossils abound in the high mountain 
east of the lower end of Gulkana Glacier some distance above the 
massive limestone bed there exposed, but all collected were from 
loose material on the mountain slopes, and it was considered quite 
possible in the field that the material was not in place, but came from 
somewhere nearer the head of the glacier. No similar fossils were 
found west of Delta River. The best available evidence for the age 
of the rocks north of Eureka Creek, here correlated with Menden- 
hall's Chisna formation and referred to the Carboniferous, indi- 
cates that they are older than the Mankomen formation. It is en- 
tirely possibly, however, that more field work would have shown that 
they include Mesozoic sediments, such as were found farther west 
in the neighborhood of Valdez Creek but were not recognized east 
of Maclaren Glacier. 

» Mendenhall, W. C, Geology of the central Copper River region, Alaska : Prof. Paper 
V. S. Geol. Survey No. 41, 1905, p. 33 and following. 

*Moffit, P. n., and Knopf, Adolph, Mineral resources of the Nabesna-White River dis- 
trict, Alaska : Bull. U. 8. Geol. Survey No. 417, 1910, p. 17. 

« Brooks, A. H., and Kindle, E. M., Paleozoic and associated rocks of the upper Yukon, 
Alaska : Bull. Geol. Soc. America, vol. 19, 1908, pp. 291-304. 
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In a broader way Brooks ^ has correlated the Chisna formation with 
the Cantwell formation at the head of Nenana River, the Welles- 
ley formation on White River, and the Nation River formation of 
the Yukon. The Cantwell formation, as described by Brooks, is a 
massive quartz and chert conglomerate, with brown sandstone inter- 
bedded with black day shale and volcanic rocks. It has a thickness 
of more than 3,000 feet and is provisionally assigned to the Carbon- 
iferous on stratigraphic and not on fossil evidence. If this assign- 
ment proves correct, Carboniferous sediments form an important part 
of the Alaska Range, at least from Mentasta Pass to Nenana River. 

BASIC LAVAS AlfD TITFFB. 
OHABACTEB AND DISTRIBUTION. 

The belt of heavy, dark-colored, volcanic rocks extends from the 
vicinity of Summit and Gulkana lakes westward beyond Susitna 
River. These rocks consist largely of diabase and locally are amygda- 
loidal, showing that in part, at least, they are surface lava flows. 
They are associated with argillites, tuflfs, and tuflfaceous conglomer- 
ates in a number of places and are intruded by diabases and by dikes 
of less basic, light-colored porphyritic rock. Intrusions of perido- 
tite have taken place in the Tangle Lakes vicinity and probably also 
in other places, for bowlders of this character were found in some of 
the yoonger conglomerates near the glacier at the head of the east 
fork of Maclaren River. The lava flows have been deformed in the 
general folding of the region so that steep dips are common, and 
schistosity is occasionally developed. These flows form a prominent 
range of mountains parallel with the axis of the Alaska Range and 
not sharply separated from it in the vicinity of Maclaren River. 
This secondary range is characterized by sharp angular outlines, due 
chiefly to recent glaciation but probably dependent also on the nature 
of the rock forming it (PI. V, 4, p. 40). The main belt of these 
volcanics is at least 15 miles wide on the east side of Maclaren River, 
and isolated hills and another lower range made up in large part of 
similar rocks lie to the south and are perhaps a part of the same 
succession of flows. A great diflference in the appearance and amount 
of alteration at different localities suggests that the volcanic out- 
bursts were intermittent during a long period, but the field studies 
were not sufficient to prove that such differences exist within the 
main belt of volcanics. 

AGE. 

The evidence available as to the age of the basaltic lavas is not 
sufficient definitely to determine the geologic time in which the flows 

^Brooks, A. H^ The Moimt McKinley region, Alaska: Prof. Paper U. 8. Geol. Survey 
No. 70, 1911, p. 88. 
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took place and possibly not even the relative age of the flows and of 
the sedimentary fcnmations with which they are associated. The cir- 
cumstances from which the conclusicms of the report are deduced are 
as follows: 

Near the mouth of Eureka Creek a successi(Mi of limest<me beds, 
black and gray slates, and associated diabases, dipping 40° to 50° 
S., appear to pass beneath lava flows and are, therefore, supposed to 
be older. A possibility of error, however, lies in the fact that the 
exact relation between the sediments and the lava flows is not known 
and that faulting or an overturned fold may have obscured the facts. 
Southern dips of the lava flows were observed at other localities, par- 
ticularly on Maclaren River, but in none of these places were condi- 
tions for observation so favorable as on Eureka Creek. 

The mountains west of Clearwater Creek and south of the pass to 
Valdez Creek are made up in part of lava flows and in part of sedi- 
mentary deposits which include a number of small limestone beds 
containing Upper Triassic fossils. In several places these limestcnie 
beds overlie the basic eruptive rocks and both eruptives and sedi- 
mentary beds dip to the north. Here again the exact nature of the 
contact relation between the two formations is in doubt, but the 
evidence at hand seems to indicate that the sediments are younger 
than the volcanics. It therefore appears probable that the lavas were 
poured out either in late Carboniferous time or during early or 
Middle Triassic time. 

In this connection it may be stated that the massive Carboniferous 
limestone of the upper White River corresponding to the Mankomen 
formation- is underlain by Carboniferous shales, tuffs, and lava flows 
and is overlain by similar rocks in which the lava flows predominate 
greatly. In the Chitina Valley the Upper Triassic Chitistone lime- 
stone rests on several thousand feet of diabasic lava flows known as 
the Nikolai greenstone. The lava flows of Eureka and Windy creeks 
resemble the Nikolai greenstone both in character and in their rela- 
tion to the associated Triassic sediments and suggest a strong prob- 
ability that their extrusion was approximately synchronous. 

On the other hand, a large area of Middle Jurassic volcanic rocks 
in the Talkeetna Mountains just south of Susitna River and much 
nearer the region under consideration than the Wrangell Mountains, 
differ from the volcanic rocks along Windy Creek and south of 
Eureka Creek in the important respect that they consist of less basic 
materials, being made up of andesite greenstones, dacites, rhyolites, 
and associated tuffs. For this reason and for the stratigraphic rea- 
sons already given it is thought that the lavas of Windy Creek are 
not equivalent to those of the Talkeetna Mountains. 
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TRIAS8IC ROCKS. 
CHAKACTEX AND DISTBIBUTION. 

On the south side of Coal Creek, a tributary of the Clearwater, 
several hundred feet of horizontal, thin-bedded, shaly limestone 
and calcareous sandstone are exposed, extending from the creek 
nearly a third of the way up the mountain. The main mass of the 
mountain consists of basalt, against which the sediments abut in 
such a way as to suggest that the contact relation is due either to 
faulting or to unconformity of deposition. The limestone frag- 
ments show numerous Upper Triassic fossils. Many bowlders of 
black fossiliferous limestone are found in the creek bed and are 
probably derived from a bluish-gray limestone, not less than 60 
feet thick, overlain by red weathering shaly or tuffaceous rocks, 
which appears in the lower part of the mountain on the north. 

West of Clearwater Creek and south of its tributary which heads 
near the Roosevelt Lakes bluish-gray limestone beds yielding Upper 
Triassic fossils were found in several places resting on the volcanic 
rocks. They are little metamorphosed and are associated with 
banded slates, black slates, red weathering slates or shales, gray- 
wackes or fine tuffs, tuffaceous conglomerates, and diabase flows or 
intrusions. In general the beds dip north. They are intruded by 
diorite and related hornblende porphyries and feldspar porphyries. 
Fossiliferous limestone is exposed in one of the gulches on the north 
side of the creek heading near the Roosevelt Lakes, and although 
the fossils collected yielded no evidence as to the age of the lime- 
stone this is thought to belong with the Triassic sediments to the 
south. It appears, therefore, that except for this one undetermined 
outcrop the known fossiliferous Triassic sediments are near the boun- 
dary of the belt of lava 'flows. A number of limestone outcrops near 
this boundary, north and northeast of the head of Windy Creek, 
differ slightly in appearance from the beds previously mentioned 
and may possibly be of different age, although the only reasons for 
such an assumption at present would be that the limestone is crys- 
talline in character and apparently contains no fossils. The pres- 
ence of intruded igneous rocks in the vicinity, however, is believed to 
explain sufficiently the alteration of the limestone and the absence 
of fossils, for the recrystallization of the limestone would tend to 
destroy any animal remains that might have been present. 

The heterogeneous character of the rocks associated with the 
Triassic limestones and the rocks immediately north of the lime- 
stones and apparently overlying them, especially a massive con- 
glomerate a mile or more southeast of the Roosevelt Lakes, suggests 
the presence of younger Mesozoic or possibly Tertiary sediments in 
this region, but no fossils were found to support this possibility. The 
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best exposure of this conglomerate is in the mountain between the 
branch of the tributary of Clearwater Creek heading against Windy 
Creek and the branch heading toward Roosevelt Creek. The western 
face of this mountain is a massive conglomerate made up almost 
entirely of igneous rocks, chiefly dark, basic volcanics, but with a 
considerable amount of granitic rock in a groundmass of tuffaceous 
material. The pebbles and cobbles are well rounded and many of 
them are a foot or more in diameter (PL IV, B). This conglom- 
erate, although it forms a large part of the motmtain, is restricted 
to a small area, probably less than 2 square mile& No similar con- 
glomerate was seen at any other locality during the summer. 

The belt of rocks included between Valdez and Windy creeks on 
the west and extending eastward along the boundary of the lava flows 
to Maclaren Glacier includes an assortment of rock types that con- 
fuses and hides the main geologic facts. This belt includes the 
Triassic limestone beds and the conglomerate just described, but con- 
sists largely of slates and intercalated basic igneous flows or intru- 
sives, all of which are cut by granular intrusives of dioritic or related 
characters. They diflfer from the rocks bounding them on the north 
in that they show less metamorphism, the sediments being changed to 
slates rather than schists and the diorites being little altered, thus pre- 
senting a strong contrast to the schistose and gneissic diorite north of 
Valdez Creek. These differences are brought out in the area north 
and west of the head of Clearwater Creek, where the slightly altered 
gray wackes and shales or slates are in contact with schistose diorite, a 
relation which may be due either to faulting or to depositional uncon- 
formity, but which, from the seeming absence of conglomerate or 
sandstone, is probably due to faulting rather than to deposition. 
Unconformity of deposition or faulting would also account for the 
difference of metamorphism in the slates south of Valdez Creek and 
the schists north of it. 

The hills immediately north of Valdez Creek consist of schistose 
sedimentary rocks and much-altered diorite intrusives. Schistosity 
is greatest in the vicinity of the diorite, particularly around the bor- 
ders, where thin dikes or sills have been forced into the sediments 
along the bedding or cleavage planes, and is accompanied by the 
formation of garnet and kyanite. Kyanite is a mineral character- 
istic of the highly metamorphic sediments and is believed to be formed 
imder deep-seated conditions of high pressure and temperature. At 
the time this locality was visited it was supposed that the schists 
represented a local advanced state of metamorphism in the general 
slate area of Valdez Creek, due to the intrusicm and immediate pres« 
ence of the diorite, but the possible existence of the fault previously 
mentioned places the supposition in doubt and makes it possible that 
the schists north of Valdez Creek and the slates south of it are not 

uivalent. With the evidence now at hand it is impossible to 
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determine whether the schist area should be mapped as part of the 
Carboniferous rocks to the east, as part of the Triasdc sediments, 
or as differing from both. 

AGS AHD CORRELATION. 

The age of the Triassic rocks was determined on the evidence of 
the fossils collected from them and submitted to Dr. T. W. Stanton 
for identification. The substance of his report follows, the numbers 
given to the three lots being those of the National Museum : 

No. 6570. — Limestone area on a small western tributary of Clearwater 
Creek. 
Halobia sp. related to H. superba Mojsisovlcs. 
Tropites sp. 
Discotropites? sp. 
Arcestes sp. 
These fossils belong to the Upper Triassic fauna. 
No. 6571. — Coal Creek, a tributary of Clearwater Creek, 15 mUes east 
of Susitna River. 
Pseudomonotis subcircularis (Gabb). 
This Is a characteristic Upper Triassic species. 
No. 6572. — ^West of Clearwater Creek, about 2 miles northwest of the 
locality from which No. 6570 was taken. 
Serpula sp. 
Horizon not determinable from this fossil. 

The first two lots of fossils show that the Triassic limestones of 
this region are equivalent in age to the Chitistone limestone and 
the McCarthy shale of the Chitina Valley and with the Triassic 
limestone of the Nabesna River r^on. Upper Triassic sediments 
in Chitina Valley attain a thickness of not less than 6,000 feet, of 
which the lower part, known as the Chitistone limestone, comprises 
3,000 feet The thickness and areal extent of the Triassic sediments 
in the Nabesna region is unknown. 

Upper Triassic deposits are also found in the Cook Inlet and 
Alaska Peninsula regions.* They consist of thin-bedded cherts, 
limestones, and shales generally much contorted and containing many 
intrusive masses. The base of the succession has not been observed. 

A large proportion of the known Triassic deposits of Alaska lie 
south of the Alaska Range, arid future work will probably show that 
they have considerable development in the upper Susitna region, as 
well as the Cook Inlet and Chitina River regions. 

JURASSIC (?) ROCKS. 
CHABACTEB AND DISTRIBUTION. 

The Jurassic, if present in this part of the Alaska Range, is rep- 
resented by igneous rocks. No sedimentary deposits are known here 

^ Stanton, T. W., and Martin, G. C, Mesozolc section on Cook Inlet and Alaska Penln- 
rala : Ball. Geol. Soc. America, toI. 16, 1905, p. 410. 
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that can with much certainty be referred to the Jurassic period, not- 
withstanding the fact that both sedimentary and igneous rocks of 
this age are widespread in the Talkeetna Mountains, only a short 
distance southwest, and are found in other parts of the range. 

The rocks tentatively referred to the Jurassic, chiefly quartz di- 
orites and related granular intrusives, occur as dikes, sills, and large 
masses of irregular form intruded into the older sedimentary and 
igneous rocks. True granites were not foimd in the region studied. 

The diorites are prevailingly gray in color and differ considerably 
in alteration. In some exposures they appear to be perfectly fresh, 
but in others they show well-developed cleavage and are schistose. 
Examination with the microscope shows that the typical diorite of 
the region is composed essentially of soda-lime feldspar, hornblende, 
biotite, and quartz. Hornblende is more plentiful than biotite in 
nearly all the specimens examined. Pyroxene is generally present 
and alters to hornblende. Both hornblende and biotite alter to chlo- 
ritic material. Other secondary minerals are epidote and zoisite. 
Titanite, apatite, magnetite, and pyrite are accessory minerals. Such 
intrusives are widely distributed near the head of Susitna River, 
and are believed to be connected with the source of the gold on 
Valdez Creek. 

Most of the smaller masses, such as dikes and sills^ have a porphy- 
ritic structure. A few of the dikes show large phenocrysts of feld- 
spar, but hornblende porphyries are far more common. There seem 
to be all gradations between quartz-hornblende, diorite, and rocks 
consisting almost entirely of hornblende. A specimen of this last 
type, found in the mountains between Roosevelt and Windy creeks, 
consist of large blade-like crystals of hornblende in which are scat- 
tered grains of feldspar, apatite, and magnetite. A little vein of 
epidote cuts the hornblende in one specimen. This dark hornblende 
rock is present at many localities in the Alaska Range between 
Susitna River and Chistochina Glacier. 

Diorite intrusives are conunon at many places in the district, as is 
shown by the geologic map (PI. II, in pocket) . They cut the Triassic 
sediments, and are, therefore, younger, but they do not appear in 
the Tertiary deposits. On the north ^de of Valdez Creek they in- 
trude slates and show a great number of apophyses extending as sills 
and dikes from the main mass of the intrusive into the sediments. 
Both the intrusive and the host have since undergone further altera- 
tion, for the diorite is schistose, but there may have been consid- 
erable contact-metamorphic action at the time of intrusion. The 
slates in the vicinity of the contact are much altered and have de- 
veloped in them a great deal of garnet and kyanite. Kyanite, though 
it is generally a product of dynamic metamorphism and is usually 
found in the crystalline schists, occurs locally in contact-metamorphic 
zones. 
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AOE OF THE DIOBITE INTBU8IYES. 

The principal evidence as to the age of the diorite found in this 
region is the fact that it intrudes the Upper Triassic sediments, but 
has not invaded the upper Eocene deposits. On this evidence, there- 
fore, it is younger than Upper Triassic and older than upper Eocene. 
Paige and Knopf * have presented evidence to show that the quartz 
diorite intrusions of the Talkeetna Mountains are younger than Mid- 
dle Jurassic and are contemporaneous in a general way with the 
great series of intrusions that affected the whole cordilleran region 
of North and South America. Brooks and Prindle^ consider the 
period of intrusion to have been post-Middle Jurassic and to have 
extended into the Cretaceous. The diorite intrusions of the Chitina 
Valley are younger than Upper Jurassic, for they cut the Kennicott 
formation, which is probably of Upper Jurassic age, and possibly 
extend into the Cretaceous.' 

It appears probable that the dioritic intrusions of the upper Su- 
sitna region may have extended over a considerable length of time, 
as is suggested by the different degrees of alteration which the in- 
truding rocks present, and that they are to be referred to the late 
Jurassic and early Cretaceous epochs. 

TERTIABy ROCKS. 
CHABACTEB AND DISTBIBUTIOir. 

A small creek that comes down from the moimtain on the east and 
joins the Gulkana Glacier stream a short distance below the south 
end of the glacier has cut its channel in a succession of folded con- 
glomerates and partly indurated clays with which are interbedded 
thin seams of coal ranging in thickness from a fraction of an inch to 
3 inches. The clays are banded and show fragments of plants. This 
succession of sedimentary beds strikes east and west and dips steeply 
to the north. With it are associated soft, highly-colored days, yel- 
low, white, and bluish gray, which extend up the hill on the north 
to a point several hundred feet above the creek. 

The hills east of the part of Gulkana River between Summit Lake 
and the glacier show bluish-gray clays in some of the stream cuttings, 
but are made up in large part of consolidated sands and gravels, 
tilted at angles as great as 45® to the horizontal. In many places 
they contain beds of carbonized wood or lignite. Gravels of this 
character are exposed on both sides of Isabel Pass and seem to extend 

^ Paige, Sidney, and Knopf, Adolpb, Geologic reconnaissance In the Matannaka and Tal- 
keetna basins, Alaska : Bull. U. S. Geol. Survey No. 327, 1007, p. 20. 

■Brooks, A. H., and Prlndle, L. M., The Mount McKlnley region, Alaska: Prof. Paper 
IT. 8. Geo!. Survey No. 70, 1011, pp. 117 and 153. 

'Ifofflt, P. H., and Capps, 8. B., The geology and mineral resources of the Niihia dis- 
trict, Alaska: BolL U. 8. GeoL Survey No. 448, 1011. p. 38. 
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up the mjountain on the north side to an altitude of nearly 2,000 
feet above the creek, or almost to the summit. The high mountain 
east of the south end of Gulkana Glacier appears to be made up of 
a massive but poorly consolidated conglomerate containing a great 
many fossiliferous fragments from the Maiikomen formati<m. 

The tributary of Phelan Creek on which the road house and the 
military telegraph station are located cuts a deep canyon in a high 
bench flanking the mountains on the east. In the lower part of this 
canyon the wall rock consists of brownish-yellow conglomerate inter- 
stratified with thin sandstone beds (PL IX, J., p. 60). The conglom- 
erate is firmly cemented and confines the creek between vertical walls, 
but it can be readily broken down with the pick. It strikes N. 65® 
W. and dips 20° to 30° NE., in contrast to the gravel and sand beds 
south of Isabel Pass, which dip 45° S. Associated with the conglom- 
erate and sandstone are several hundred feet of unconsolidated sands 
and gravels, separated from the conglomerate by a north-south fault. 
Apparently the unconsolidated material, which is composed of gray 
clays, pure white quartz sands of exceedingly fine grain, and beds 
of lignite up to 2 and 3 feet in thickness, is the lower part of the 
succession of beds to which the conglomerate belongs. The lignite 
beds are filled with sand and resemble broken driftwood accimiula- 
tions on a beach. Carbonization of the wood has advanced only a 
little way and the woody structure is distinctly visible, so that the 
pieces resemble charcoal rather than coal. All these deposits are 
overlain unconformably by glacial till and gravels. I 

Yellow conglomerates like those described are exposed on Delta 
River below Wild Horse Creek and in the hill between Phelan Creek 
and Delta River. In fact this hill appears to be almost made up of 
Tertiary deposits, covered by a thin veneer of glacial till. 

Rocks referred to the Tertiary were found at two localities west 
of this point. The first of these is north of the head of Eureka 
Creek. On a small tributary heading in the mountain east of the 
glacier from which Eureka Creek flows yellow iron-stained con- 
glomerate and sandstone like those previously described are exposed. 
This outcrop appears to be small, but on the west side of the same 
stream near its head are other rocks of very different appearance that 
are probably of equivalent age. The south end of the mountain be- 
tween this stream and the glacier is capped by a massive, loosely 
cemented conglomerate made up almost entirely of igneous rocks, 
most of which are derived from the basaltic hills to the south. There 
is, however, a small proportion of granitic material. Many bowlders 
in the conglomerate reach a diameter of several feet. The whole 
deposit weathers to rusty red and shows an abundance of iron oxide. 
Apparently a landslide has taken place here, or possibly from time 
to time the conglomerate has broken off in large masses from the 
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mountain top and rolled down the eastern slope, for an area of 
perhaps 20 acres is covered with immense blocks of conglomerate,, 
soine of which are 30 or 40 feet long (PL IV, A^ p. 32). They 
break down rapidly under the influence of the weather and form 
immense heaps of loose bowlders and iron-stained gravel. 

The second western locality is on the south side of Coal Creek near 
its head, where an exposure of coal 5 or 6 feet thick, associated with 
yellow shales, stands vertically. The coal and shales are so folded, 
crushed, and faulted that it is difficult to find a good ^rm piece of 
either. A fault on the north side of the coal, nmning N. 65^ W., 
marks the course of the bed. The exposure is not more than 100 feet 
l(»ig, but the coal blossom is seen along the creek for at least half a 
mile farther east and is nearly everywhere associated with yellow 
and white clays like those found on Gulkana River. The coal of 
this locality is entirely different from any previously mentioned; it 
does not have the woody character and contains no sand. Appar- 
ently the bed was originally a clean deposit that has since been much 
folded and broken. It is similar to the coal described by Mendenhall 
as occurring in the bed of Slate Creek,* and like that seems to be a 
remnant of the Tertiary folded into the older rocks. 

These areas include all the observed deposits thought to belong in 
the Tertiary, but it is highly probable that such deposits are more 
extensively developed in this region. The largest area is that around 
the heads of Delta and Gulkana rivers, which comprises the western 
extension of Mendenhall's Gakona formation. 

One of the important features of the Tertiary deposits as described 
is their separation into an underlying succession of fairly well con- 
solidated material and an overlying succession of unconsolidated 
material. Firm beds of conglomerate may be locally interbedded 
with unconsolidated sands and gravels, but the distinction indicated 
seems to be well founded. Both consolidated and unconsolidated 
beds are much folded, but if a generalization can be made from the 
examination of so few localities it appears that the consolidated ma- 
terial has suffered most. Detailed work on the Tertiary deposits of 
the region would doubtless result in a distinction being made between 
the two divisions here considered together. 

The character of the unconsolidated upper part of tlie Tertiary 
deposits make it impossible in reconnaissance work of this nature to 
differentiate them from the younger sands and gravels produced and 
laid down during the time of glaciation. In mapping areas of this 
kind, therefore, uncertainty exists as to whether gravels such, for 
example, as those at Paxson should be assigned to the one formation 
or to the other. Part of these bench gravels are undoubtedly of 

^Mendenhall, W. C, Geology of the central Copper River region, Alaska: Prot Paper 
U- 8. Oeol. Soryey No. 41, 1906, p. 53. 
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glacial origin, but it is possible that the remainder belong among 
the unconsolidated Tertiary deposits. 

AGE AND COBBELATION. 

No fossils were collected for determination from the sedimentary 
deposits referred to the Tertiary. Fragmentary plant remains were 
found at a number of places and lignitic coal is common. The litho- 
logic similarity of these deposits with the coal-bearing beds of the 
Kenai formation of the Cook Inlet, Susitna River, and Copper River 
basins, and of the north side of the Alaska Range is the principal 
reason for referring them to the Tertiary. 

Mendenhall found sedimentary deposits of this age well developed 
on the east side of Gulkana Glacier and called them the Gakona 
formation.* The Gakona formation consists of a succession of fresh- 
water deposits, including a massive conglomerate which appears to 
be overlain by soft, gray, or buff-colored shales associated with beds 
of gravel, sand, and lignite. (See p. 23.) Mendenhall found marked 
differences in the degree of consolidation of the material making up 
the formation. The basal conglomerate and the shales resting on it 
are indurated ; the higher beds, however, are only slightly indurated, 
and he describes the highest recognized member of the formation as 
a cemented gravel. 

These rocks extend west along the flank of the Alaska Range at 
least to Delta River and occupy an area much greater than in the 
Gakona type locality. Careful work would probably show that they 
are more widely developed in the valley of Eureka Creek than they 
are now known to be. The soft yellow conglomerate and sandstone 
described as occurring at the head of Eureka Creek is similar to that 
of Delta River and Phelan Creek, but the beds on Coal Creek prob- 
ably belong among the basal beds if they are correctly referred to the 
Tertiary. Coal alone does not afford conclusive evid^ioe of the age 
of the beds, for coal occurs in the Jurassic deposits at the head of 
Matanuska River ; ^ but in this particular locality it appears probaWe 
that a remnant of Tertiary beds has been caught and preserved in the 
folds of older rocks. 

The Kenai formation (upper Eocene) has wide development oa 
Cook Inlet, in the Matanuska valley, and in the valley of the Susitna, 
in all of which places it includes extensive coal deposits. It has also 
been recognized on the north side of the Alaska Range betwe^ 
Nenana and Delta rivers and in many other parts of Alaska. 

1 Mendenhall, W. C, Geology of the central Copper River region, Alaska : Prof. P«P^' 
U. B. Geol. Survey No. 41, 1905, p. 62. 

•Paige, Sidney, and Knopf. Adolph, Geologic reconnaissance in the Matanuska an^ 
Talkeetna basins, Alaska : Boll. U. 8. Geol. Survey No. 827, p. 66. 
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QUATERNARY DEPOSITS. 
DEPOSITION. 

The Quaternary deposits include unconsolidated materials laid 
down by ice and water during the glacial epoch and those since 
deposited by the streams. They include also unconsolidated mate- 
rial, such as talus slopes and mantles of rock waste on the hillsides, 
that has never been subjected to the action of glaciers, lak^, or 
streams; these, however, do not call for extended description here. 
In a region like this, where considerable glacial activity still pre- 
vails, a time distinction between glacial and stream deposits can 
not be drawn, for the ice still transports and deposits morainic matter 
just as it did when the glaciers were far more extensive, and the 
glacial debris is being sorted and resorted by the glacial streams 
just as it has been during all the time the ice has been present. The 
two processes of transportation and deposition by ice and by water 
have gone on side by side, and the products can not be absolutely 
distinguished. 

GLACIAL DEPOSITS. 

Two types of glacial deposits are easily distinguished in this region 
by those familiar with the character or topographic forms shown 
by glacial debris. The first is the ground moraine or till sheet, 
which forms a thin veneer over the underlying formations and is 
widely distributed in the northern part of the area, particularly over 
the more level parts, such as that of the Tertiary formations at the 
head of Delta and Gulkana rivers. Such deposits do not always 
assume conspicuous topographic forms but may often be recognized 
by the erratic bowlders on the surface. The best method of detect- 
ing them is undoubtedly from sections exposed in stream cuttings, 
where the peculiar characteristics of unsorted glacial debris may be 
recognized with little difficulty and the features distinguishing it 
frcHn water-sorted and water-laid material may be made out. The 
till sheet is easily recognizable in many gravel sections about Sum- 
mit Lake, on the broad, round-topped hills from Gakona Glacier to 
Delta River, and in the broader valleys, such as those of Eureka 
Creek, Valdez Creek, Maclaren River, and Susitna River. In the 
Summit Lake region the ground moraine rests unconformably on the 
tilted beds of the unconsolidated gravel and sand referred to the 
Tertiary, and in many places is only a few feet thick. Probably all 
the area in this region formerly occupied by ice was covered at one 
time by a veneer of till, much of which has since been removed by 
erosion. 

A more noticeable form of glacial deposit is the moraine material 
deposited along the front and sides of the ice during times of 
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relatively small movement in the margin. Many conspicuous ex- 
amples of such moraines appear in tiiis regicm. One of the best is on 
Maclaren River below the mouth of the west fork and in the valley 
to the west between Maclaren River and Little Clearwater Creek. 
The ice front faced the south and left a conspicuous terminal 
moraine several miles long extending over the ridge west of the 
river and across the valley that succeeds it to the neict ridge beyond 
This moraine has a height of 50 feet in places, but is only a part of 
a great mass of deposits of similar nature in the vicinity. Another 
good illustration of such morainal topography is furnished by the 
district about the head of Delta River in the vicinity of the Tangle 
Lakes. 

Practically all the present-day glaciers in this part of the Alaska 
Range have small terminal moraines, some of which show very dis- 
tinctly the form and recent position of the ice froat and the reces- 
sion that has taken place. An excellent illustration is furnished by 
the glacier in which Eureka Creek and the east fork of Maclaren 
River head. Two concentric moraines several hundred yards apart 
cross the valley half a mile or more fnmi the ice front and form 
dams which hold back the water in a number of small lakes. Termi- 
nal moraines of this kind rarely escape destruction for any great 
length of time unless they are situated at the side of the stream above 
the flood plain. They are nearly always undermined by water from 
the glacier and are carried away and deposited as stream gravels. 
Only in rare instances are their remnants found in the gravel-floored 
valleys of glacial streams, although it is evident that they must have 
once existed there, unless the former action of the glaciers was 
entirely different from what it is at present. 

Lateral moraines border the present glaciers and appear as benches 
along the sides of valleys from which ice has long been absent. They 
are especially conspicuous in valleys with steep high walls, such as 
the upper part of Maclaren River and its west fork, and it is gener- 
ally possible to find them in any of the smaller valleys. They mark 
positions at which the ice level on the valley walls was relatively 
stable for a time, and are much more apt to be preserved than termi- 
nal moraines of valley glaciers, inasmuch as they are away from the 
influence of the streams. 

The southward extent of unmodified glacial deposits in the upper 
Susitna River region is not known, but it is highly probable that all 
the region under consideration has been covered by ice at one time or 
another; and it is therefore possible that the till sheet may also have 
covered the entire area. This, however, does not mean that the 
till is present everywhere in the area now, for part of the material 
that formed it may have been sorted and redeposited by streams 
since it was laid down by the ice. The lowlands extending west 
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from the south end of Gulkana Lake to Susitna River were not vis- 
ited by the geologic party, and it was not learned whether the 
morainic topography sach as that described on the upper part of 
Maclaren Biver and in the northern part of the Tangle Lakes dis- 
trict is developed there. 

Another peculiar topographic feature either produced directly by 
giaciation or closely associated with it is described by S. R. Capps * 
under the name of rock glacier. Several excellent examples of loose- 
rock accumulations of this type were seen during the course of the 
field work. The best of these (Pis. V, B^ and VI, ^) is at the head 
of Big Rusty Creek, a tributary of White Credi, whidi, in turn, 
is a tributary of Yaldez Creek. This mass of loose-rock material is 
more than a mile long and is fuUy 50 feet high at its lower end. It 
heads in two cirques f rcwn which glaciers formerly issued, and has the 
appearance of a glacier, except that it is made of rock fragments 
instead of ice and is narrower than most glaciers — even than those 
commonly found in valleys so comparatively small as this one. 
Deep depressions like those between a valley glacier and its confining 
waUs intervene between it and the valley walls on either side, so that 
its close resemblance to a glacier in form at least is immediately evi- 
dent to one who has had an opportunity to see both. No ice is visible 
in the sides or top of this particular example, but it shows the longi- 
tudinal markings described by Capps as characteristic of the much 
better developed rock glaciers in the Chitina Valley. Another rock 
glacier, not so well developed, however, as that on Rusty Creek, was 
found on the south side of the branch of Valdez Creek called Grogg 
Creek. 

' 8TBEAM AND LAKE GBAVEL8. 

A detailed description of the present-day stream gravels in this 
regioa would not be of great interest even if the character of the 
field work and the opportunities for observation were such as to 
make close account possible. Gravels, important because of the gold 
contained in them are, however, described under "Economic geol- 
ogy" (pp. 5&-62). Some of the stream gravels were produced by 
ordinary processes of erosion without the aid of glacial ice, but most 
of them in this region are reworked deposits of former and present 
glaciers. Practically all the larger streams, except Delta River, 
within the northern half of the mapped area, head in glaciers that 
are actively engaged in transporting rock waste from the high moun- 
tains to the valleys. All this material sooner or later is taken up by 
the streams, the fine and coarse fragments are separated, and the 
whole is redeposited and reworked time after time till no semblance 
of its original glacial character remains. The broad flood plains of 

» Capps, 8. B., Bock glaciers In Alaska : Jour. Geology, vol. 18, No. 4, 1910, pp. 359-375. 
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the glacial streams are not fixed and unchangeable, but are built up oc 
cut down as the channels shift from side to side across their surfaces. 
The unconsolidated deposits of the southern or lowland area diflfer 
from those just described. They are believed to be closely connected 
in their origin with the more intense glaciation of the region and to 
have been deposited when the ice extended far southward from the 
Alaska Range. These gravels are seen in the high banks bordering 
Copper River, Oulkana River, and all the streams that have incised 
their channels in the lowland. No opportunities for detailed study 
of sections of the gravels were presented, but certain general state- 
ments can be made. The unconsolidated deposits exposed in the 
river banks consist of water-laid deposits associated with a smaller 
amount of glacial material. Glacial till and bowlder beds inter- 
bedded with the water- 
320 Wind-blown sand. laid gHtvcls are Icss evi- 

300 Bo"w'der clay. ^ent jn the northem than 

Irregularbandof gravel without clay. m the SOUthcm part 01 

Bowlder clay. ^^^ area and very much 

less evident than in the 

2QQ Chiefly fine sand with little gravel; not part of the Coppcr RivCf 

well exposed. lowlaud south of the part 

rr. Ki I K I .♦K -. . ^ i^ow under consideration. 

Fine bluish clay with some sand. * -i i -i i. 

As has been stated, the 

Beds of bluish cross-bedded sand. grOUUd morainC OVCrlieS 

100 Extremely fine compact blue clay, with xi,. «-.«,r/xl A^^,^:4t, rm 

few bowlders, often angular. the graVCl dcpOSltS On 

Fine-bedded sand. ^hc northern bordcr of 

the lowland, but similar 

Concealed. [y^^^ y^^j^ j^^^ obserVcd 

. o .. * «, . * «n . t>i interstratified with them. 

FiorRB 2.— Section of Pleistocene on Klawasl River. __ . , ,.,... 

The pomt which it is 
desired to bring out will appear more clearly if a comparison is made 
with some of the localities studied by Mendenhall.* 

Three of Mendenhall's sections are of particular interest because 
they throw light on the manner in which the deposits were made and 
because they bring out differences already noted between the de- 
posits in different parts of the lowland. The localities are all near 
Copper Center, the most distant being a little more than 20 miles 
south of Gulkana. Mendenhall describes them as follows : 

One and one-half miles above the mouth of the Klawasi, which flows into 
Copper River opposite and a short distance above Ck)pper CJenter, is a section 
of 320 feet (fig. 2), of which all but the basal 40 feet are sufficiently well ex- 
posed for examination. ♦ ♦ ♦ Above the 40 feet at the base, which are con- 
cealed, is a lO-foot bed of rounded gravel, over which are 20 feet of fine-bedded 
sands, underlying 20 feet of blue bowlder clay. The succeeding 100 feet con- 

» Mendenhall, W. C, Geolo^ of the central Copper River region, Alaska : Prot Paper 
U. 8. Geol. Survey No. 41, 1906, p. 62 et seq. 
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siBts of interbedded fine clays and sands. Above this member are a bed of 
bowlder clay and some stratified pebble-bearing clays similar to those at 
Tonslna bridge. The top of the section 
is a wind-blown sand drift This sec- 
Hon reveals a snccession of rapidly-depos- 
ited water-laid beds, with at least two 
sbort epochs of ice invasion represented 
1^ the sheets of till near the top and bot- 
tom of the bluff. The water-laid d^K>sits 
are usually sands or gravels, and may 
well have accumulated Just beyond an ice 
front as a sand or gravel plain. ♦ ♦ ♦ 
On the north bank of the Klutina, about 
6 miles above Ck)pper Center, is a bluff 400 
feet high, the beds of the upper 300 feet 
being fairly well exposed. The lower 
100 feet of this exposure consists of com- 
' pact, structureless, pebble-bearing clays, 
without lamination. The pebbles are 
w^ rounded, are sparingly distributed 
through the clays, and represent a vari- 
ety of rock types. ♦ ♦ ♦ Overlying it 
are about 85 feet of well-laminated beds 
entirely free from coarse material. They 
are believed to indicate lacustrine condi- 
tiona Above these is a bed of typical till 
40 tefi in tMckness, full of striated and 
roonded bowlders. This is succeeded, in 
torn, by Ibises of river cobbles overlain 

by more clays with embedded pebbles. The highest member of this section, as 
of most, is a bed of cobbles immediately under the peat and moss of the surface. 

This section is illustrated in figure 3. 

Mendenhall regards the pebble-bearing clays at the base as having 

been produced by rapid depo- 
Top of bluff. sition in quiet water, and be- 

lieves the pebbles to have been 
scattered through the clays by 
the agency of floating ice. 

Just below the mouth of the 
Tazlina (fig. 4), in a bluff on the 
west side of the Copper, is an 
excell^t exposure of 250 feet, 
which includes stratified sands and 
gravels, laminated clays, pebble 
clays, and one 10-foot bed of bowl- 
der clay about 100 feet above the 
base of the section. 

These sections are seen to be 
made up of fragmental mate- 
rial deposited under varying conditions. S(xne of it was laid down 
in quiet water, some in running water, and some was deposited by ice. 



Fiouu 3.— Section of Pleistocene on 
Klotina River, 6 mUes above Copper 
Center. 



Feet 



Massive blocky clays with few 
pebbles. 

Clays and sandy clays, some- 
times rudely stratified. 

Well-rounded gravels up to 3" 
or 4" In diameter. 

Finely stratified clays with few 
pebbles. 

Bowlder clay. 

2' bed of clay partly stratified. 
Bedded fine sands with some 
pebbles. 

Finely stratified clays with 
sand at base. 

30' bed of gravel. 
River level. 

FiQctB 4. — Section of Pleistocene on west banlc 
of Copper Rlyer. 
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The changes followed one another abruptly, and any given condition 
was perhaps repeated a number of times in the same section, as, for 
example, the two ice advances indicated by the bowlder clay beds in 
the section shown in figure 2. 

In comparing these sections with those exposed farther north on 
Copper River, Gulkana River, and elsewhere the important differ- 
ence to be noticed is that the northern deposits are ccwiposed more 
largely of lake and stream gravels and, except on the surface, show 
less glacial material. The explanation probably lies in the fact that 
the sections of the gravels exposed along the streams from Gulkana 
northward are not so thick as in the region of Copper Center, The 
streams have not cut so deeply into the gravel and have not yet 
reached the lower till beds, if such beds are present. The river banks 
at Gulkana show distinctly stratified clays and gravel. The clays or 
silts are probably due to glacial erosion, but were deposited in quiet 
water. Mendenhall ^ makes the following comment: 

The silt bluffs at the mouth of the Gakona, about 300 feet high, con^st gen- 
erally of fine, massive clays, through which pebbles are scattered. A few of 
the beds are laminated, and the goieral effect given at a distance is one of 
stratification in broad anit& 

These deposits are interpreted as the outwash gravels from a 
glacier front. It is probable that the whole of the Copper River 
basin has been invaded by ice that flowed into it from th% mountain 
areas on every side. After the time of maximum extension the ice 
doubtless disappeared from the central region, but the high moun- 
tains continued to be a feeding ground of glaciers that moved down 
to the lowland and contributed an enormous quantity of rock waste 
to the streams produced by their own melting. This debris was 
spread out before the glacier front. Some of it came to rest in lakes 
or ponds and some was deposited by swiftly flowing streams. The 
retreat of the ice was not continuous, but was interrupted by ad- 
vances that carried the margin out over the water-laid deposits and 
gave rise to the bowlder beds or till sheets interstratified with the 
gravels and clays. If this interpretation of the origin of these de- 
posits is true it seems probable that the central part of the Copper 
River lowland will show the ground moraine only locally, for a large 
part of it must have been covered by the later outwash gravels or 
have been subjected to transportation and redeposition by streams. 

One of the forms assumed by surficial deposits not due to the 
agency of glacial ice or to deposition in water deserves special men- 
tion because of its fine development in parts of this region. This 
form, which is that taken under certain c<Miditions by rock waste on 
the hill slopes, will for convenience of description be referred to here 
as " soil flows," inasmuch as no better name seems available, though 



»Op. cit., p. 70. 
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A, ROCK GLACIER ON BIG RUSTY CREEK. 



B. SOIL FLOWS AT HEAD OF VALDEZ CREEK. 
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the number in use is great The illustration (PL VI, B) represents 
some " soil flows " at the head of Valdez Creek. They are produced 
by a gradual downward movement of the soil on hill slopes, and may 
be compared to the flow of a viscous substance, such as thick tar, on 
an inclined plane. The movement, considered with reference to the 
total distance traveled down a hill slope, is exceedingly slow, so that 
years might be required to show any notable advance, although prog- 
ress at a particular time may perhaps be rapid. The parts of the 
lobes in the example shown in the illustration are several feet high 
and are covered with moss and grass. The tops of the flows have a 
distinct radial striation and are also covered with vegetation. The 
presence of water in the soil, perhaps to the point of saturation, is 
necessary for such movements, but it is believed by the writer that 
one of the important causes for the "flowing" of the soil in the 
manner shown arises from repeated freezing and thawing of the water 
contained in the loose rock waste, for it seems doubtful that the pres- 
ence of water alone is sufficient to produce the movement. " Soil 
flows " of this kind are very conmion on hill slopes in the more north- 
em parts of Alaska, but are not frequently seen in the Copper River 
basin. The distinct radial markings shown on the " soil flows " of 
Valdez Creek are not commcm in such flows, at least in the experience 
of the writer, although they are very general in loose material on 
steep bare slopes and in rock glaciers. Doubtless in all these forms 
they result in part from a downhill movement of the material. 

STBUCTTTBE. 

The structure of the Alaska Range is highly complicated, and it is 
scarcely possible to understand it until more accurate knowledge of 
the stratigraphy is gained. Increased knowledge of the region in- 
dicates, however, that faulting plays a far more important role 
in the structural relations of the different rock masses than at 
first sight appeared. The range itself is one of the dominant struc- 
tural features of Alaska, represented further by the Pacific coast 
line, the great interior valley, and the Endicott Moimtain range. It 
is believed to represent a zone of weakness and adjustment that dates 
back beyond the present range and may, perhaps, have been the site 
of older ranges that long since disappeared. 

It is not to be expected that all parts of the Alaska Range will 
show identical structure, because the forces acting to produce defor- 
mation could scarcely have been of equal intensity or quality in all 
places, and because the rocks involved differ greatly. Brooks^ de- 
scribes the Alaska Range southwest of Mount McKinley as a broad 
syndinorium made up of closely folded rocks in which minor 

* Brooks, A. II.. The Mount McKinley region. .Uaska : Prot Paper U. a Geol. Survey 
No. 70. 1911, p. 111. 
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anticlines and synclines are recognizable. The succession of beds, 
however, on the inland slope of the mountains has been disturbed by 
extensive thrust faults. Mendenhall,^ on the other hand, describes 
the range in the vicinity of Chistochina River as carved by erosional 
agents from a number of tilted fault blocks and shows that even on 
the southern or downthrow side the Tertiary beds dip gently away 
from the axis of the range and have a position relatively higher than 
their original one. 




FiODBB 5. — structure of the Alaska Range In the vicinity of Chistochina Riyer. 

These relations are heiter understood from the diagram (fig. 5), 
which is based on MendenhalPs description of the structure. The 
Mankomen formation abuts against the Birch Creek ("Tanana") 
schist on the north. The dip of the Mankomen is northward and 
increases in that direction so that it is greatest in the vicinity of the 
great fault between the Pennsylvanian slates and limestones and the 
schist. On the other hand, the underlying Chisna formation, which 
is separated from the Mankomen by a second great fault, dips to 




FiouBB 6. — structure of the Alaska Range In the ylcinity of Delta River. 

the south, and in places, as in the area about Gakona Glacier, is over- 
lain by southward-dipping Tertiary sediments. 

In the region just west of Delta River still other conditions pre- 
vail which more nearly resemble those in the Chistochina district 
than in the McKinley region. The structure is shown diagrammati- 
cally in figure 6, which indicates that the high, axial part of the 
range is made up of the Birch Creek schist on the north, separated 
by the great fault from the Carboniferous rocks on the south. These 

1 Mendenhall, W. C, Geology of the central Copper River region, Alaska : Prof. Pap^' 
U. 8. Qeol. Survey No. 41. 1905, pp. 82-84. 
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Carboniferous beds, which are made up of intercalated sedimentaiy 
and igneous rocks, dip to the south beneath the lava flows of the 
ridge south of Eureka Creek. The lava flows are represented as 
folded into a broad ^rncline, but it is not intended to imply that, the 
schists of the Tangle Lake district are to be correlated with the beds 
north of the syncline, although this may possibly be true. Diorite 
intrusions are common in the vicinity of the great fault, and, as sug- 
gested by Mendenhall, probably account for several of the high 
peaks, such as Mount Hayes, Cathedral Mountain, and Mount Kim- 
ball, in the axis of the range. 

The structure of the Alaska Range at the head of Susitna River 
is more complicated than it is near Delta Pass and is not well 
enough understood to warrant the drawing of a section to represent 
it. In the vicinity of Valdez Creek the lava flows exposed south of 
Windy Creek appear to dip beneath the Triassic sediments, and 
these, in turn, to pass beneath the schists and the great diorite mass 
between Valdez and Bowlder creeks, but it has already been pointed 
out that a fault may exist between the slates and schists. The region 
between Valdez Creek and Mount Hayes is occupied, so far as known, 
by slates or schists and diorite, and it would seem, from the ap- 
pearance of the lower hills on the flanks of Mount Hayes and Cathe- 
dral Mountain, that diorite forms a large part of the mass. Photo- 
graphs of Moimt Hayes show the beds at the base of the mountain 
dipping toward the north, but it is unsafe to base generalizations 
concerning structure on the meager evidence obtainable regarding 
this vicinity. 

In summarizing these conclusions in respect to structure, it may 
be said that in the Alaska Range in the vicinity of Delta Pass and 
eastward toward Mentasta Pass a belt of Carboniferous and post- 
Carboniferous sedimentary and igneous rocks lies between schists on 
the north that are much older and others on the south that may be 
older. This belt of sedimentary and igneous rocks can not be inter- 
preted as a simple synclinorium because the structure is complicated 
by profound faulting that has brought about relationships between 
the several formations entirely different from those that would have 
resulted from folding alone. 

HISTORICAIi OEOIiOOT. 

EABLY OEOLOGIC HISTOBY. 

In this section it is intended to outline in a very general way the 
most important geologic events indicated by the rocks of the region. 
The earlier events are obscure, but as the present is neared it Is pos- 
w'ble to recognize more and more distinctly the changes that took 
place.^ 
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The first geologic records found in this region are contained in 
the Birch Creek ("Tanana") schist, a series of sedimentary beds 
considered by Brooks to have been deposited in pre-Ordovician time,* 
which forms the north side of the Alaska Range from Nenana Eiver 
to Mentasta Pass. They are intruded by igneous rocks, and because 
of the high degree of metamorphism which both sediments and 
intrusives show it is inferred that they were extensively folded, ele- 
vated above the sea, and subjected to erosion before the next younger 
sediments were deposited on them. 

If the schists of very doubtful age near Myer's road house and at 
the Tangle Lakes be neglected, the next period of deposition con- 
cerning which knowledge exists took place in Carboniferous time 
and is represented by the rocks which are correlated with the Chisna 
formation. These were laid down in a time of volcanic activity, as is 
proved by the tuff beds and lava flows intercalated with the quartzites, 
slates, and other sediments of this epoch. The Carboniferous sea was 
an extended one, but changes took place in the relation of sea to land 
from time to time, and deposition in this region was not continuous. 
The best evidence at hand seems to indicate that there was an inter- 
ruption in sedimentation between the part of Carboniferous time 
represented by the Chisna formation and that represented by the 
Mankomen formation of the Chistochina district. Probably the 
older Carboniferous formation was elevated above sea level with lit- 
tie deformation and was subjected to a period of erosion before the 
later sediments were laid down. Depression below the sea was fol- 
lowed by deposition of the latest Carboniferous rocks, the Mankomen 
formation. The Mankomen was also a period of volcanic activity, 
the outbursts being most pronoimced while the lower beds were being 
deposited and diminishing toward the close of the period, for the 
upper beds in the Chistochina distarict appear to be free from volcanic 
deposits. 

There is doubt concerning the time in which the great outpouring 
of lavas south of Eureka Creek and Windy Creek took place, but 
it is assumed tentatively that it was later than the Mankomen epoch. 
It is known definitely that the upper Carboniferous limestone at the 
head of White River, which is equivalent in age to the Mankomen 
formation of the Chistochina district, is succeeded by a great thick- 
ness of basaltic lavas and tuffs older than the Tertiary lavas which 
make up most of the Wrangell Mountain mass. Furthermore, the 
Nikolai greenstone of the Chitina Valley, consisting of at least 4,000 
feet of lava flows, underlies the massive Chitistone limestone (Upp^y 
Triassic), and although it has not been proved that the Nikolai 
greenstone represents the upper part of the lava flows overlying tii® 

1 Brooks. A. H., The Mount McKInley region, Alaska : Prof. Paper U. S. Geol. Survey 
No. 70, 1911, p. 59. 
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Carboniferous limestone of White River there is a presumption that 
this is true. 

The lava flows of Eureka and Windy creeks, in the absence of 
proof to the contrary, are thought to occupy a similar position rela- 
tive to the Carboniferous and the Upper Triassic sediments and to 
have been erupted at the end of the Carboniferous period or during 
the early or middle part of the Triassic Some of the lavas may have 
been poured out under water, for they are interstratified with tuff 
beds and slates, but many amygdaloidal flows among them suggest 
surface conditions. In any event the absence of Lower and Middle 
Triassic sediments indicates that the region was probably a land 
mass during part of that time. In Upper Triassic time the land 
was again submerged, and limestones, slates, and associated tuffa- 
ceous sediments were deposited. No conclusive evidence is at hand 
to show that any other Mesozoic sediments are present in the region 
under discussion, although sedimentary Jurassic rocks are widely 
distributed in the neighboring Talkeetna Mountains. The Jurassic 
period, however, was one of widespread intrusion throughout the 
Alaska Range and is represented by the great masses of diorite 
injected into the sedimentary deposits of this region. 

It appears that after the Triassic beds were deposited the regicm 
became a land mass and continued as such through late Mesozoic 
and early Tertiary time. It was deformed to some extent, although 
the folding does not appear to have been great, and other changes 
took place that are indicated by the difference in metamorphism 
between the Triassic and the younger rocks. Erosion finally reduced 
the area to a lowland on which the fresh-water sediments of upper 
Eocene (Kenai) time were laid down. 

LATEB jaEOLOOIC HISTOBY. 

TOPOGRAPHIC DEVELOPMENT. 

Deposition of the fresh-water Tertiary sediments may appro- 
priately be considered as beginning the later geologic history of 
this region. The Tertiary sediments were laid down in fresh inland 
waters and although widespread probably never formed a contin- 
uous dqpoait over all the region where their isolated masses now 
occur. They were deposited in an area of low or moderate relief, 
but were closely folded in the mountain-building movements that 
originated the present Alaska Range. These movements began soon 
aft^ the Tertiary sediments were deposited and slowly raised the 
mountain area aboye the bordering low country, giving the streams 
an opportunity to attack and dissect it. The present drainage lines 
were established, but the topographic forms have since been greatly 
modified by glaeiation. Profound faulting accompanied the folding, 
18824°— Bull. 498—12 4 
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as is shown by the attitude of the Chisna formatioii to the Birch 
Creek schist and to the Mankomen formation. 

The origm of the Alaska Range and its relation to the Copper 
River plateau has been discussed by Mendenhall/ who regards the 
high mountains as having been carved from elevated fault blocks 
and the lowland as a sunkai area separated from the Alaska Range 

on the north by a great fault and from the 

Chugach Mountains on the south by a great 

fault or a flexure (fig. 7). Leas evidence in 

z K support of this proposition was seen in the 

* 3 region between Gulkana River and Susitna 
g ^ River than was found by Mendenhall in the 
5 t region east of Gulkana River, but it is the 
X M most plausible explanation yet offered and 

I can not be discarded unless it is disproved 

^ or a more satisfactory one proposed. The 

^ questions involved are not local ones peculiar 

f to this area, but are concerned with the later 

I history of all southern Alaska, and will 

S 3 probably not be fully answered till much 

^ I more extended work is done. 

^ -^ -^ problem of special interest is that con- 

^ I cemed with the origin of Delta Pass through 

^ H the Alaska Range and the similar pass to the 

5 I west through which Nenana River flows. 

^ ^ Delta River receives most of its water from 

^ I the glaciers that feed Eureka Creek, from the 

^ Tangle Lakes, and from Gulkana Glacier, 

g all south of the axis of the range, but it flows 

B northward through the range and joins the 

^ § Tanana instead of becoming part of the Pa- 

j I. cific drainage, as would be expected. The 

* ^ same glaciers that feed Phelan and Eureka 
i ^ creeks also contribute water to Gulkana and 
2 ^ Maclaren rivers. Almost the same condi- 
tions are true of Nenana River, which rises 
south of the Alaska Range, flows westward 
through the southern foothills for a con- 
siderable distance, and then cuts directly through it Three expla- 
nations suggest themselves for this peculiar drainage feature — the 
Delta may be older than the Alaska Range and may have deepened 
its channel as fast as the mountains rose; it may have cut its way 
through from the north side by headward erosion; or it may owe 
its peculiar position partly to conditions that arose during glacial 

1 Mondenhall, W. C, Geology of the central Copper River region, Alaska: Prot Paper 
U. S. Geol. Survey No. 41, 1905, pp. 82-88. 
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time. A low preglacial saddle, sudi as may probably have existed 
where the Delta Valley now cuts the range, would almost certainly 
have been taken advantage of by the ice as a northern outlet from 
the area south of the pass. It seems to be well established that the 
accumulation of ice on the south side of the range was greater than 
that on the north, and it is believed that some of this ice, instead of 
moving south, moved north through the gap and, partly by glacial 
erosion and partly by damming back the water on the south, enabled 
the Delta to establish itself there. 

It is difficult to see how the riv^ could have maintained its course 
across the Alaska Bange while the latter was being elevated unless 
some special cause intervened, since it appears as if opportunity for 
drainage to the south was as good, if not better, than to the north. 
The same objection applies to headward erosion. The distance to 
the sea is less and the grade is greater on tiie south side than on the 
north side of the range. 

The problem that the Delta presents is similar to that raised by 
Copper River in its course through the Chugach Mountains and it is 
not at all unlikely that the solution of one will contribute to the 
solution of the other. 

GLACIATION. 

Glaciation was cme of the important agents in giving the moun- 
tains of the Alaska Bange the form they have to-day. No doubt the 
drainage system was well established before the ice invasion took 
place, but the valleys owe their present form in large measure to ice 
erosion and to the deposition of rock waste that accompanied it. The 
present glaciers afford little idea of the former ice sheet in this 
region and in determining its extent dependence must be placed on 
other features, such as glacial deposits and striae. 

Much has already been said about the work of ice, especially in 
regard to the material laid down by it and the part such deposits 
have in the topography. The till sheets in the Pleistocene deposits 
of the Copper River lowland testify that the whole interior basin of 
Copper River, bounded by the Alaska Range, the Wrangell, the 
Chugach, and the Talkeetna mountains, was at one time or another 
buried by ice. Ice streams are known to have moved from all these 
high mountain areas to the lower country. The Alaska Range was 
an important place of ice accimiulation ; not only was the high c^itral 
part of the range a gathering place for snow and ice, but the lower 
range to the south also contributed. Most of the ice moved south- 
ward, directed in part by the larger stream courses, such as Susitna, 
Maclaren, and Gulkana rivers, but it spread out as it left the con- 
fining valleys and probably covered many or possibly all of the low 
hills on the borders of the lowland, llie round-topped hills near 
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Myer's roadhouse are glaciated, as would be expected since they lie 
in the path of one of the larger ice streams which moved down the 
valley of Gulkana Lake from the north. Hills of similar form west 
of Gulkana River may also have been covered. 

It is fairly certain, however, that in an area including much of 
Phelan and Eureka creeks and part of Delta River the ice move- 
ment was north through Delta Pass instead of south, for the basalt 
mountains west of Summit Lake obstructed in considerable degree 
movement in that direction. Another reason why the movements 
here should have been northward is that the evidence, as previously 
stated, points to a much greater accumulation of ice on the south side 
of the axis of the range than on the north side. The tendency of the 
ice would have been to move in the direction of least resistance, and 
any large mass in the area south of Delta Pass to the basalt moun- 
tains would have sought relief from pressure by movement north- 
ward through the pass as well as southward through the few avail- 
able gaps unless it were opposed by some larger mass of ice in that 
direction. This small area shows evidence of severe glaciation 
throughout its extent. The rock^ where exposed, in such places as 
the low basalt hills bordering Eureka Creek on the south or on the 
lower slopes of the basalt ridge south of Garrett's cabin, is grooved 
and worn by moving ice. 

It is impossible to say how thick the ice covering was^ but it must 
have been measured in hundreds and perhaps thousands of feet. The 
mountain sides east and north of the upper branches of Susitna 
River show that where confined in the valleys it filled them to a 
height more than 2,000 feet above the present streams. The ice crossed 
the broad divide between Bowlder and Valdez creeks from the north 
at an elevation more than 1,500 feet above Susitna Valley, and it is 
probable that only the tops of the neighboring mountains were 
above it. 

The east- west ridge north of West Fork of Gulkana River would 
present a serious barrier to ice moving from the north, because it 
stands from 1,000 to 3,000 feet above the lowland on that side and it 
seems doubtful whether it would have been overridden by glaciers 
from the north. These hills, however, may themselves have been a 
gathering ground for snow and ice. Such an obstruction, further- 
more, would not have prevented the glaciation of the country south 
of the ridge for the Wrangell and Talkeetna mountains sent out 
streams of ice whose movements were unopposed by any such barrier. 

The topographic map (PI. I, in pocket) shows how numerous the 
present-day glaciers are in the high part of the mountain area and 
what an important element they are in the drainage. All the streams 
of consequence derive a large part of their water from melting glacis: 
ice and flow through valleys floored with glacial gravels. 
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The most conspicuous of these glaciers are Gulkana Glacier 
(PI. VII, ^), the glacier in which Eureka Creek and East Fork of 
Maclaren Biver head, Maclaren Glacier, and ihe two large glaciers 
at the head of Susitna River. The last two are much larger than 
any others in this region. They are fed by the snow fields in the 
high rugged country south of Mount Hayes and Cathedral Mountain 
and are the principal sources of the Susitna, although the glaciers to 
the east also contribute much water. The westernmost of the two 
large glaciers is about 25 miles long and more than 1| miles wide 
throughout its whole length. The eastern glacier is about 2 miles 
wide, but is not so long as the first. Maclaren Biver Glacier is much 
smaller than either of these, being a little more than 10 miles long 
and not more than a mile wide at its lower end. Gulkana Glacier 
and Canwell Glacier, near the northwest comer of the area mapped 
(PI. I, in pocket), are remarkable, as has been stated, in that they 
ocmtribute water to both Bering Sea and Pacific Ocean drainage. 

Most of these glaciers appear to be retreating. Their surfaces are 
smooth, they end in smooth slopes rather than ice cliffs, and most of 
them show by the position of terminal moraines that they have 
receded considerably in rcicent time. 

Glaciation is the last of the great events that took place in the 
geologic history of this region, and it is still in progress* Its effects 
are for the most part concerned with topography, and are seen in 
the i(yem of the mountains, the slopes of the valleys, the moraines, 
and the broad outwash plains of glacial gravel. These features have 
all been modified to some extent by postglacial erosion, but they are 
nevertheless the chief elements of the present-day topography. 

ECONOMIC GEOIiOGY. 

GOLD. 

VALDEZ CREEK DISTRICT. 
HIBTOBT AKD PRODITOTION. 

The history of mining in the region between Gulkana and Susitna 
rivers is concerned chiefly with Valdez Creek. A few of the pros- 
pectors who came into the Chistochina River region in 1898 found 
their way to Delta River and its western headwater tributaries, but 
they were unsuccessful in their search for placer gold and did not 
make any important discoveries. 

Gold was discovered on Valdez Creek on August 15, 1903, by a 
party including Peter Monahan, J. S. Smith, J. M. Johnson, and 
J. C. Clarkson, who, with several others, left Valdez with dog teams 
in February of that year and crossed the Valdez Glacier to Klutina 
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River. They made their way to Susitna River by following Klutina 
River, St. Ann River, and Tyone Creek, crossing Klutina, Hudson, 
and Taslina lakes and the Susitna Lakes on the ice. Their first base 
camp was near the ^' stick houses " at the mouth of Tyone Creek, 
from which they began their search for gold by prospecting the 
streams tributary to Susitna River below Tyone Creek. They found 
fine gold on the bars of a stream which they called Goose Cre^ 
(a creek rising in the Talkeetna Mountains and corresponding to the 
one named Oshetna River <hi later maps), but not satisfied with the 
results of their labor they left this region for the upper Susitna. 
At Madaren' River the ccMnpany separated into two parties, one of 
which ascended that stream, and the other, known as the Monahan 
party and including the m^i named, made its way up the Susitna, 
prospecting the different tributary creeks as it went. Gold was 
found on Butte Creek and on its tributaries. Gold and Wic^ersham 
creeks, but not in sufiicient amount to satisfy the prospectors. They 
then crossed Susitna River from the west side to a stream which the 
natives called Galina, and made their first important gold discovery 
below the mouth of a narrow rock- walled canyon on Discovay Bar. 
They renamed the stream Yaldez Creek and spent the few remaining 
days of the season before going back to Valdez in getting out a 
"grubstake." 

The following spring they returned with supplies and equipment, 
coming in over the Valdez Glacier as in the previous year, and 
accompanied by other prospectors anxious to secure claims on Valdez 
Creek or to discover gold in new placer districts. 

The rich gravels of the old canyon on " No. 2 above " and the 
" Tammany bench " claims were found in the fall of 1904 in an at- 
tempt to learn why the gold content of the creek gravels suddenly 
fell at a particular point in ascending the stream. Panning in the 
talus on the north side of the creek led to the source of the gold in 
the earlier ccmcentration of the old canyon, and the most important 
discovery of the district was made. Not much work was done in the 
old canyon, however, till the following year. In the faU of 1904 the 
miners of Valdez Creek, under guidance of a native, went out over 
the Gulkana trail for the first time, and the Valdez Glacier route was 
given up. 

The value of the total gold production of Valdez Creek, includ- 
ing that of the summer of 1910, is estimated to be about $275,000. 
There has been a falling off for the last two years, owing to the 
decrease in yield of the creek gravels, but the reduction will prob- 
ably not be much greater for some time to come, for there remains 
gold-bearing gravel that has not been touched, and the prospects for 
an increased yield from other creeks are good. 
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80UB0X OF THE GOLD. 

A number of conditions make it possible to trace the gold of Valdez 
Creek to its principal bedrock source and to be fairly confident that 
the source is within an area of comparatively narrow boundaries. 
The most important of these is the distribution of gold in the creek 
gravels. Prospecting has shown that the tributaries of Valdez Credc 
that flow into it from the hills on the north yield practically no gold. 
On the other hand, tributaries such as Timberline Creek, White 
Creek, and Lucky Gulch, that rise in the mountains to the south, 
(»rry important gold-bearing gravels. The north side of Valdez 
Creek valley is a region of schist and altered intrusive diorite; the 
mountains on the south side of the valley are slates, locally schistose, 
intruded by diorite and relttted porphyritic rock. Intrusives are 
much less abundant than on the north side and are also less altered ; in 
fact, many of them are practically unaltered. The slates therefore 
appear to be the rocks in which the principal mineralization took 
place. Prospecting has not yet shown the presence of gold in com- 
mercial quantities in the tributary streams east of Lucky Gulch or 
west of Busty Creek, although fair prospects have been found on 
Timberline Creek. It should be kept in mind, however, that all the 
gravels of these southern tributaries contain small amounts of gold. 

The hill between White Creek and Luc^ Gulch, known locally as 
Gold Hill, is of special interest in connection with the bedrock source 
of gold. This hill is composed of slates, dipping north and intruded 
in places by a light-colored fine-grained igneous rock. The de- 
composed material on the hill slope yields fine gold on panning, as 
a result of which the gold has been traced to sources in bedrock at 
several places that have been staked as lode claims. None of these 
places have been opened up in a way to give satisfactory exposures 
of the gold-bearing rocks, but they show that some of the gold is 
associated with iron-stained siliceous veins containing pyrite, sphal- 
erite, and galena. The decomposed material from these veins in 
places jrields as much as $1 in fine gold to the pan. In nearly all 
the exposures examined it was found that the gold-bearing rocks 
were associated with fine-grained light-colored siliceous intrusives, 
whose presence leads to the belief that they are a factor in the origin 
of the gold. Large quartz veins containing scattered crystals of 
pyrite, but without visible free gold were seen in several places on 
Gold Hill, and in one locality veins of calcite associated with a little 
quartz and masses of fine, scaly biotite were found. 

The placer gold from Lucky Gulch is of interest in this connection. 
It is remarkably coarse and contains many large nuggets, some of 
which are smooth but most of which are rough, with spines and 
protuberances. Sugary quartz is of common occurrence in the gold. 
^* appears certain from the character of the nuggets and the narrow 
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gulch in which they lie that the gold has traveled but a short distance 
from its source in the slates. Gold Hill is without much doubt 
one of the local centers of mineralization, but there is no reason 
to believe that there may not be other centers in the district. In 
fact it seems that there may be a nearer source than Gold Hill for 
some of the placer gold on the lower part of Valdez Creek. 

The gold in the creek gravels is a concentration from the product 
of weathering like that on the slopes of Gold Hill. Some of it is 
a reconcentration from previous concentration in the gravel. The 
gold-bearing gravels of Valdez Creek below the Monahan Tunnel 
are of this kind. They derive their gold in large part from pre- 
vious deposits in the old canyon. When the canyon of the present 
stream was being cut down through the old gravel-filled canyon 
formerly occupied by Valdez Creek the old gravels were reworked 
by the stream and their gold content was reconcentrated in the form 
they had when mining began there. 

There are points of similarity between the occurrence of gold on 
Valdez Creek and in the Chistochina district. From the distribution 
of gold in the gravel Mendenhall ^ reached the conclusion that the 
placer gold of MUler Gulch, Slate Creek, and Chisna Kiver is de- 
rived from an area of local metamorphism within the shales of the 
Mankomen formation. The mineralization, moreover, is restricted 
to an area of metamorphosed rocks which forms only a small part 
of the Mankomen formation as he mapped it. The slates are cut by 
light-colored granular intrusives, but the amount of these intrusives 
is much less than on Valdez Creek. The two districts resemble each 
other in that both are characterized by slightly altered slates intruded 
by granular igneous rocks. 

LODE DEPOSITS. 

Little attention has been given to the search for gold lodes in the 
Valdez Creek district and only a slight amount of work has been dcme 
to the present time (1910) toward proving the value of such gold- 
bearing veins as have been found. No gold has been produced from 
this source. 

Two or three prospects on the north slope of Gbld Hill were ex- 
amined and some of the loose, decomposed vein material was panned, 
proving the presence of gold in each instance. At the Yellowhom 
claim a small open cut had been made in loose talus material con* 
sisting of decomposed slate or schist and rusty quartz. No bedrock 
was in sight but the cut was partly filled with loose material that had 
slid down into it Two pans of the waste material from fJie dump 
yielded about 10 or 15 cents worth of very fine gold. Much better 
pans have been obtained from this place. 

1 Mendenhall, W. C, Geology of the central Copper River region, Alaska: Prof. Paper 
U. & Ctool. Survey No. 41, 1905, p. 114. 



Digitized by VjOOQIC 



GOLD IN VALDEZ CHEEK DISTRICT. 57 

The discovery ledge of the Accident claim is a small exposure of 
decomposed slates and siliceous fine-grained intrusive rock. The 
igneous rock is light gray in color and contains considerable pyrite. 
There is also some rusty vein quartz containing sphalerite and galena. 
Fine gold is present in the decomposed vein matter. About 300 or 
400 feet above the Accident ledge and in the same steep gulch a little 
stream of water runs down over angular wash made up of slate and 
rusty quartz. A rocker had been set up at tiiis point and very good 
prospects were obtained from the gravel. The fine-grained intru- 
sive rock was exposed in the gulch just below it. 

These prospects have not yet been shown to be of commercial value, 
but they are of importance in indicating how the gold occurs and 
offer encouragement for further search. 

PLACES DEPOSITS. 
DISTRIBUTION. 

Most of the placer gold produced in the Valdez Creek district has 
been taken from a few claims at the western end of Valdez Creek 
just above the place where the canyon opens out into the flats of 
Snsitna River, and from Lucky Gulch. It is probable that the 
gravels of Valdez Creek from the canyon to Roosevelt Creek contain 
a large quantity of gold, although the concentration may not be suffi- 
ci^t to make them of commercial importance with the methods of 
mining in use on the creek. The difficulties arising frcwn the low 
grade of the creek, the depth of the ground, and the large amount of 
water have prevented careful prospecting to this time. 

The three principal tributaries that join Valdez Creek from the 
south, Roosevelt, White, and Timberline creeks, have not contributed 
any considerable amount of gold to the total output. White Credc 
and its largest branch. Rusty Creek, have received more attention 
than either Roosevelt or Timberline Creek, and this attention ap- 
pears to be justified by the results of prospecting on Rusty Creek 
during the last year. 

The streams heading in the Alaska Range east of Valdez Creek 
have received some attention from prospectors, with the result that 
practically all of them are known to carry small amounts of gold, 
yet not enough to encourage mining except on Eureka and Windy 
creeks and near Delta River. A few men were at work on ih^ae two 
streams in 1910. 

VALDEZ GBEEK PBOPEB. 

Geology. — ^Valdez Creek is approximately 14 miles long. It flows 
almost directly west from its source for 10 miles over the gravel floor 
of a broad, glaciated valley, then enters a canyon about 3 miles 
long, and finally emerges on the Susitna lowlands. The part above 
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the mouth of Roosevelt Creek is about equal in length to Roosevelt 
Creek and carries approximately the same amount of water, Valdez 
Creek has a fall of 1,000 feet in the first 10 miles above ttie western 
end of the canyon, or an average fall of 100 feet per mile, but since 
the grade of the creek is 175 feet per mile through the canyon, the 
grade above the latter is slightly less than 53 feet 

The mountains about Valdez Creek rise more than 6,000 feet above 
sea level, or more than 3,000 feet above Susitna River. At the head 
of the creek they are made up of schist and slate on the south side 
and altered diorite on the north, but from Roosevelt Creek westward 
they consist of slate with diorite intrusives on the south side and 
schist with altered diorite intrusives on the north. The rocks exposed 
in the canyon are slates, intruded by dikes and sills of fine-grained 
diorite, which is porphyritic in places. 

The valley is much glaciated, and in the lower broader part has a 
conspicuous morainal topography characterized by rounded knolls 
and swampy depressions. This is its character on both, sides of the 
canyon where the valley begins to open out into that of Susitna 
River. The unconsolidated glacial deposits are spread over an un- 
even rock floor (PI. VII, J?, p. 52), which, though it doubtless owes 
its form in part to ice action, had a drainage system developed on it 
before the glacial gravels were laid down and the present channel 
of Valdez Creek was formed. 

= Valdez Creek has cut its canyon through the overlying gravds into 
the slates beneath to a depth of over 175 feet, and in so doing has 
intersected an older gravel-filled canyon whose bottom is 60 feet 
higher than the present creek level. The depth of the new canyon 
is greatest below the falls, a short distance downstream from the 
old canyon, at a point where the overlying gravels are shallow and 
almost the entire cut is in slates. Above and below, the depth of the 
canyon decreases. 

Mining development. — Mining development on Valdez Creek has 
been concentrated on four or five creek claims and two bench claims. 
The creek claims are Discovery, No. 1 below. No. 2 below. No. 2 
above, and No. 3 above; the bench claims are Tammany bench and 
the claim adjoining No. 1 below oa the south. Their location is 
shown in figure 8. 

Discovery, No. 1 below, and the lower half of No. 2 above were 
the richest of the creek claims, but none of them have equaled in value 
the Tammany bench claim. The first claim above Discovery includes 
the narrowest and deepest part of the canyon, where the stream is 
confined between perpendicular slate walls, and no mining is car- 
ried on. 

Creek gravels, — It is unnecessaiy to describe the gravel deposits of 
each creek claim in detail, because the variation in character is not 
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A. BOWLDERS FROM STREAM GRAVEL ON VALOEZ CREEK. 



WING DAM IN CANYON ON CREEK CLAIM ADJOINING THE "TAMMANY BENCH," VALDEZ 

CREEK. 
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great In general the gravels range in thickness from 3 to 8 feet on 
the three most productive claims and consist of slate, schist, and 
diorite, with which is associated a small amount of light-colored 
porphyritic intrusives and dark basic and tuffaceous material. An 
important and unfortunate characteristic of the gravel is its large 
content of bowlders (PI. VIII, A). 

At the upper end of claim No. 3 above, the gravel deposit reaches a 
thickness of 10 to 12 feet. The upper 6 feet contains many diorite 
bowlders and overlies finer gravel consisting of slate and diorite cob- 
bles. Such a bowlder bed might indicate either a change in glacial 
conditions or simply a concentration of bowlders from deposits whose 
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PiQUBS 8. — Sketch map of part of Valdez Creek, showing location of producing claims. 

finer material has been carried away, but the absence of large bowl- 
ders in the underlying material suggests some different condition of 
deposition. 

Much the larger proportion of the bowlders are diorite. They 
reach diameters of 5 or 6 feet and are a source of much expense to 
the miners, for they can be moved only at great expense and then 
only for short distances. It is customary when possible to under- 
mine them on one side and cause them to roll over, thus permitting 
the gravel beneath to be taken away. 

Gold from the creek claims shows variation in its form and ap- 
pearance. Some of it is flat and well worn, but other specimens are 
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rough and show little effects of wear. Grold from the claims above 
the Monahan tunnel is finer and less worn than that below, but a 
small proportion of smooth flat gold is present The decrease in 
coarseness is more marked downstream from the tunnel than in the 
opposite direction, so that there seems to be no doubt that the old 
canyon gravels are responsible for the richness of Valdez Creek down- 
stream from claim No. 2 above. The gold is associated with a large 
amount of red garnet or " ruby sand," and a little magnetite or 
" black sand." Magnetite is less abundant than might be expected 
from the quantity of igneous material in the gravel. An idea of the 
coarseness of the gold on claim No. 1 below may be gained from the 
statement that the largest piece found there in 1910 was worth $1.75 
and the next largest $1.25. 

The richest claim on the creek was Discovery claim, but the rich- 
est spot was on claim No. 1 below, a short distance downstream 
from the sawmill dam. A little more than one-third of the total 
gold production of Valdez Creek from 1903 to 1910 came from the 
creek claims, but so much of the rich ground has been mined out 
in that time that a falling off in production has taken place. 

All the work on the claims above No. 2 below has been done with 
pick and shovel. The creek water is diverted by wing dams (PL 
VIII, B) or ditches, and the gravel is shoveled into the sluice boxes 
without the use of special mining appliances. Hydraulic mining 
was conducted on claim No. 2 below in 1909, and a Ruble elevator 
was used in disposing of the cobbles and bowlders; but the results 
were probably unsatisfactory, for the work was not continued in 
1910. 

Bench gravels. — ^Tammany bench and the claim adjoining No. 1 
below on the southeast are the only bench claims on the cre^ that 
have been much developed. 

The Tammany bench is of particular interest both because of its 
unusual character and because it has yielded a large part of the 
gold produced in this district The gold-bearing gravels are worked 
through a tunnel that follows the bottom of an old canycm in the 
slates now filled with gravel so that no trace of its presence is visible 
at the surface. The general course of the canyon so far as it has 
been traced is N. 15** E. It thus makes an angle of about 48® with 
the present course of Valdez Creek. (See fig. 8.) 

The tunnel starts on the north side of claim No. 2 above, at an 
elevation approximately 60 feet above the present creek bed, and 
is driven across the north side of the creek claim into the adjoining 
Tammany bench (PI. IX, 5, p. 62, and fig. 9). Its length in August, 
1910, was about 700 feet. 

From the tunnel floor to the surface of the bench is a distance of 
110 feet, which is the thickness of gravel fiUing in the old canyon, 
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for on either side of the tunnel bedrock outcrops within a few feet 
of the surface of the bench. Variations in the course of the tunnel 
are slight and of no importance, unless the abrupt eastward turn 
at its end marks the beginning of a new course. Attempts to deter- 
mine the position of the old canyon on the opposite side of Valdez 
Creek have been made, but without conclusive results. 

The rocks of the canyon walls exposed in the tunnel are slate or 
schist In places the walls are waterwom, and wherever exposed 
they rise steeply on either side. Two crosscuts were driven from 
different points in the tunnel, one about 100 feet to the west, the 
other 60 feet to the east, but the sum of these measurements exceeds 
the width of the canyon. The tunnel, being more nearly straight 
than the canyon, crosses from one wall to the other, so that the cross- 
cuts exaggerate the width. The maximum width is probably about 
100 feet. 

No difference exists between the rock material in the gravel of the 
old canyon and that of the creek, but variations occur in the charac- 
ter of the deposit The 
lower 50 feet of gravel in 
the canyon contains flat 
diorite bowlders with 
rounded edges, rounded 
slate and schist fragments, 
and fine black clay. The 

upper part of the filling Fioum 9.— Relation of the old canyon of the 

presents a greater appear- vaiTa^cTre^"*^ ''***°' *"" *^* ^^^^^ *'*''"^** **' 
ance of disorder, and con- 
tains a larger proportion of diorite bowlders, which are round rather 
than flat The gravel, too, is not so clean. Probably this upper de- 
posit is due either to a revival of glacial activity before the canyon 
was filled or represents the last bowlder material laid down as the 
ice retreated. 

Gold is found chiefly in the lower 5 feet of the gravel, although 
fine gold occurs in all the canyon filling. Most of it comes from the 
hard black clay and fine rounded slate gravel. It is coarse, flattened, 
and smooth for the most part, though rough pieces are present. Nug- 
gets worth several dollars are common. As has been stated, the gold 
from the tunnel closely resembles that from the creek, the chief 
difference being a decrease in coarseness of the creek gold that be- 
comes more pronounced downstream. 

The tunnel is timbered with strong square sets and is lagged over- 
head but not on the sides. Great care is taken in framing the tim- 
bers and in fitting them together so that they will remain in place. 
Square sets are also used in the stopes but are not made of selected 
timber as are those in the tunnel. The stopes are generally from 25 
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to 85 feet wide, but reach 70 feet where the width of the gold-bearing 
gravel deposit was greatest 

The old canyon gravels are favorably situated for the application 
of hydraulic mining methods. Valdez Creek will supply water for 
moving the gravel without great expense, and its canyon provides 
an excellent dump for the disposal of tailings. A rough measure- 
ment, made a short distance above the Valdez Creek canyon at the 
end of August shortly after a rain, diowed a flow of mote than 150 
cubic feet per second. This figure, however, is not intended to be 
used in calculations for the installation of hydraulic mining machin- 
ery. Measurements for that purpose should extend over a consider- 
able period of time. 

Steps have already been taken toward making the water available 
for mining purposes. A, ditch, begun several years ago on the 
eleventh claim above Discovery, has been added to each year, till it 
now has a length of a little more than 4,000 feet and has reached 
a point 4,600 feet from the cabins on the Tammany bench. It was 
constructed as part of the assessment work on the claims which it 
crosses. The intake of the ditch is 525 feet higher than the creek 
at the sawmill dam cm claim No. 1 below. The ditch runs over 
ground favorable for such construction and can be completed with- 
out unusual cost so as to furnish water for any of the claims below 
Timberline Creek. 

The bench gravels east of claim No. 1 below are of entirely dif- 
ferent character from those of the Tammany bench. They are in 
part the deposit of a small stream that joins Valdez Creek near the 
upper end of claim No. 2 below. This little stream drains a slight 
depression southeast of the creek heading near the canyon on claim 
No. 1 above, and at its lower end drops over the rock wall to the 
head of the main stream. The bedrock is slate and graywadce or 
fine slate grit On the point betwe^i the little stream and Valdez 
Creek there are 15 to 20 feet of well-rounded gravel with a few 
bowlders, none of which are more than 12 to 16 inches in diameter 
and most of which measure not more than 10 inches. Many of the 
diorite pebbles are decomposed and can easily be lHX)ken with the 
pick, but a few are fresh and hard. In the cut from which the 
gravel has been mined, however, large diorite bowlders are abundant 
The stream gravel carries gold which is believed to be a concentration 
from gravel like that on the point. Mining operations were carried 
on here in 1909. Water was brought from Timberline Creek, a 
distance of 1^ miles, by a ditch and short pipe line, and two hydraulic 
giants were used to move the gravel. The work was probably not 
very profitable, however, for it was not continued in 1910. 
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B, BOOMER AND DAM ON RUSTY CREEK. 
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LUCKY GULCH. 

Lucky Gulch is about 6 miles east of the main camp on Valdez 
Creek. It is a steep gulch a little more than a mile long on the 
north side of Gold Hill, and was formed by a little stream whose 
principal source of supply is melting snow. The stream has cut a 
narrow V-shaped channel in slates that dip 20^ N., about the same 
as the grade of the stream. The gulch is on the north side of the 
hill, and as a consequence the snow that drifts into it in winter melts 
slowly in summer, so that although it prevents the miners from 
beginning work early in the spring it provides the chief source of 
water later in the summer. 

The gulch is too steep and narrow to i)ermit the accumulation of 
a large body of gravel, but the depth of the deposits counterbalances 
m a measure their lack of breadth. The gravel is made up of 
angular fragments and slabs of slate like the bedrock, with very little 
well-washed and rounded material. A small amount of fine-grained 
diorite rock is present, as well as some quartz, but slate is the chief 
constituent. The slate bedrock has a well-developed cleavage and 
its siu'face in places is covered with small crystals of ottrelite. 

Lucky Gulch gold is coarser than that from any other part of the 
Valdez Creek district In general it is rough and many pieces con- 
tain fragments of granular quartz, although some of the gold is 
flattened and well worn. This difference in surface character prob- 
ably indicates nothing more than a variation in the amount of rub- 
bing and pounding the pieces have imdergone in traveling down the 
gulch, for there is little doubt that the gold is derived from a small 
area and has not moved far from its source. Large nuggets form 
an important part of the gold product of this stream. One found in 
1910 weighed 32 oimces (PL X, J.), and a larger one weighing 52 
ounces was taken from the gulch two or three years previously, 
^^uggets like these, which evidently are not far from their bedrock 
source, offer much encouragement to the prospector for gold lodes. 

Lucky Gulch is free from the big diorite bowlders that give so 
much trouble on Valdez Creek. It contains a great many slabs of 
slate that must be moved, but most of them can be broken with a 
sledge or disposed of by aid of a little powder. A short season and 
scanty water supply counterbalance this advantage in a measure, 
however. The most effective method used for moving gravel in 
Lucky Gulch is by booming (see p. 64), but a small hydraulic nozzle 
And canvas hose is employed at times. Most of the gold lies on 
bedrock in the bott(Mn of the gulch, and it is mined from a deep 
cut without disturbing the wash on either side, so that no more gravel 
18 moved than is necessary. The walls of this cut are 25 feet high 
in places. Part of the gulch has been worked out, but a large 
wnount of untouched gravel stiU remains. 



Digitized by VjOOQIC 



64 HEADWATEBS OF OULKANA AND SU8ITNA BIVEBS. 



WHITE AND BUSTY CREEKS. 



White Creek joins Valdez Creek 4^ miles east of the main Valdez 
Creek camp. It has three branches, known as Big Rusty, Little 
Rusty, and Rusty creeks. These streams head in the complex of 
slates, tuffs, and basalt of the mountains between Valdez and Windy 
creeks, but their lower courses are in slates. Some prospecting hi^ 
been done on White Creek, but it did not yield much encouragement, 
because it was carried on under great difficulty and expense, due in 
part to the high cost of supplies and lumber but chiefly to troubles 
arising from deep gravels and much water. 

Prospecting on Rusty Creek has also been carried on in the face of 
many difficulties and great expense. During the years from 1908 
to 1910, inclusive, a cut several hundred feet long and more than 
25 feet deep in places (PL X, B) was made in the channel of the 
creek a short distance above its mouth. This cut follows the east 
side of what appears to be an old rock-walled channel or canyon 
where the northerly dipping slates of the bedrock are exposed, but 
is not wide enough to uncover the western wall if it is present. The 
gravels filling the channel include an upper deposit of unsorted 
glacial debris from 10 to 20 feet thick consisting of slate and basalt. 
Under this is a deposit of fairly well-sorted gravel and coarse sand 
showing a distinct cross-bedding dipping to the north. Many large 
bowlders on the bottom of the cut are derived from the upper bed 
of glacial material ; most of them are basalt and come from the head 
of the creek, but a few of them are diorite, probably derived from 
the valley of Valdez Creek. Encouraging gold prospects were ob- 
tained from the projections of the rock wall on^ the east side of the 
cut and especially from the bottom of the cut where work ended in 
1910. The gold is very rough and bright Few pieces of greater 
value than 10 to 20 cents were found in the upper parts of the cut 
but the coarseness increases toward the bottom, and the deepest gold 
so far obtained was of such a character as to encourage the owners 
in the belief that they were near bedrock. 

Booming has been adopted on Rusty Creek as well as on Lucky 
Gulch, and has made possible the large cut just described. The 
boomer consists of a dam with a gate (PI. X, B) that opens auto- 
matically when the water level reaches a determined height and sud- 
denly releases a large volume of water, which rushes through the cut, 
tearing up the gravel and carrying it away. The effectiveness of such 
a contrivance is hardly realized until the results of its operation have 
been seen. 

Rusty and White creeks give more promise than any of the other 
tributaries of Valdez Creek for extending the known area of gold- 
bearing gravels, for they cut slates that have been shown to be 
auriferous. Undoubtedly some concentration of gold has taken place 
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during the time the dates have been subjected to erosion, but only 
prospecting can determine whether the concentration has been suffi- 
cient to produce placer^gold depodts of commercial importance. 

TIHBERLINE CREEK. 

Timberline Creek joins Valdez Creek near the boundary between 
the fourth and fifth claims above Discovery. It is a little more than 

2 miles long and flows through an area of slates into which a small 
body of diorite has been intruded. Its jjosition with reference to 
Valdez Creek and its relation to Rusty and White creeks are such 
that it is doubtful whether it has invaded the area of mineralization 
from which these other streams derived much of their gold, and 
prospecting has yielded so little Micouragement to the miners that 
no important amount of work has been done on the stream for several 
years. 

DELTA BIVER DISTRICT. 

The gravel bars of Delta River contain a small amount of fine 
gold, bst not enough of the metal has been found to make them of 
importance commercially. Gtdd was panned by members of the 
writer^ party from the gravels of Delta River near Garrett's cabin, 

3 miles above the mouth of Etof^a Creek, in 1910, and the presence 
of gold-bearing gravels in the river has been known since 1900 at 
least. Brooks * mentions a rumor of gold on Ddt« River as early ae 
189S, but was unable to verify the report. Eureka and Rainy creeks 
however, have produced a small amount of gold for a number of 
years. Mendenhall * states that the first prospectors on Delta River, 
who nmde their way there from Chisna Kvear in 1900, " found colors 
generally on the stream bars, and what they r^arded as fair pros- 
pects on Wilder Creek, or, as they called it, Rainy Creek. After the 
return •f these men to the Chisna, a larger party was outfitted, and, 
returning to the region, organized the Eureka mining district. In 
the following spring (1901) from 900 to 280 people entered the new 
^strict and 20 or 30 of them began Juicing, but the results being 
HDsatisfactory the field was abandoned.'' 

The district was not entirely abandoned, however, for a few men 
have continued to prospect on Eureka and Rainy creeks and have 
taken out enough gold to give them some encouragement in the hope 
of final success in their effort to develop a producing district. Seven 
inen were engaged on the two creeks in 1910 — ^two on Eureka and the 
rest on Rainy CreA. They were visited by mexobets of the topo- 
Srai^ic party at the beginning of the seascm, but not by members of 

'Brooks, A. H., A reconnaissance of the Tanana and White Rlyer basins, Alaska, in 
IWS : IVestleth Ann. Rept. U. S. Geol. Survey, pt. 1, 1900. p. 484. 

* lts »< iju hall, W. C, Gaolegy of the central Copier Blver regton. AJUuAa: Prof. Paper 
C. S. Geol. Survey No. 41, 1905, p. 117. 

18824**— Bull 408—12 5 
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the geologic party, and the success of the summer^s work was not 
learned. These two streams receive nearly all their water supply 
from the area of rocks north of Eureka Creek correlated with the 
Chisna formation. It is known that intrusions of diorite rocks exist 
in this vicinity and it is thought from analogy to the Valdez and 
Slate Creek districts that the presence of these is probably connected 
with the mineralization. 

A few men were prospecting in 1910 on streams in the hills and 
lowland area west of Gulkana Lake about the headwater region of 
the western tributaries to Gulkana River, but with little success. 
The gravels contain a little fine gold, but so far as the writer knows 
the ccmcentration is not sufficient to give them commercial value. 

CX)NDrnON8 AFTECTING MINING. 

Practically all the conditions affecting mining have been referred 
to in previous pages, but the more important ones are brought to- 
gether here for the convenience of the reader. Only the Valdez 
Creek district will be considered because it is the only part of the 
region described that has been an important producer of gold in 
the past or, so far as now known, gives much promise for the future. 

Aside from the amount of gold contained in the gravel and the 
possibility of recovering it, the important conditions that affect 
mining have to do with transportation and the supply of water and 
timber for mining purposes. Many other factors, such as stream 
gradient and cost of labor, also have a bearing on the success of 
placer mining, but in most places the three first named are of most 
importance. 

It has been mentioned (p. 20) that most of the supplies used om 
Valdez Creek have been brought from Valdez in winter with horses 
and sleds at an average cost of about 30 cents per pound. The 
improvements on the military road will doubtless make it possible 
to reduce this cost considerably and a further reduction may be 
brought about by sending freight part way by railroad. The cost 
of carrying freight from Gulkana to Valdez Creek, however, cat 
hardly be reduced unless closer communication with a railroad shall 
be established, which is not likely in the near future. 

Valdez Creek has a supply of water for hydraulic operations on 
the lower part of the creek adequate for any demands likely to be 
made on it. The water can be c^tained by ditching over favorable 
ground without imusual expense and delivered with a head of 200 
to 300 feet, depending on the point where it is to be used. The 
canyon, moreover, affords a good dimiping ground for tailings, but 
any plan for mining must provide means for handling the great 
number of bowlders in the gravel. Water can not be procured 
under such favorable conditions above the canyon, that is, higher on 
the stream than the eleventh claim above Discovery, for the grade 
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is lower and the ditches would, therefore, have to be longer. For 
the same reason the disposal of tailings would be more difficult. 

A supply of timber for use in mining and for fuel when coal is not 
available is essential to the success of any mining (^ration. The 
most productive part of Valdez Creek is situated at the upper limit 
of spruce timber, but the hill slopes bordering the flats of Susitna 
River provide a supply sufficient for many years to come. Most of 
the larger and better trees within several miles of the sawmill on 
daim No. 1 below have been cut since 1903, so that it is necessary to 
haul logs for lumber a ccmsiderable distance. Firewood may be ob- 
tained more easily. All the logs for sawing and for fuel and all the 
timbers used for square sets in the tunnel are hauled to the sawmill 
or to the place where they are to be used before the snow melts in the 
spring. Cutting the timber and bringing it in is the first work that 
receives attention after supplies for the summer are landed on the 
creek. 

The cost of labor is $10 a day, without board, for work during the 
mining season. It is, therefore, evident that this item of cost is 
higher than in placer-mining districts where communication with a 
labor market is easier. It is possible that this expense may be re- 
duced when the line of travel over the military road becomes better 
established, thus making it easier for men to move about from place 
to place ; but Valdez Creek is 65 miles from the road and is not con- 
nected with it by a trail sufficiently well marked to enable a stranger 
to follow it. Furthermore, there are no camps or road houses along 
ihe way where men could get food or rest. 

At present there is no mail service to Valdez Creek, although mail 
was brought from Gulkana by private carrier during the summer of 
1910. The military telegraph line which follows the road from 
Valdez to Fairbanks does not connect with Valdez Creek. 

The miners of Valdez Creek are dependent on game for fresh meat 
Most of it is obtained from the natives by trading tea, sugar, flour, 
tobacco, and clothing. Caribou and moose are the most important 
game animals, but all game is much less plentiful than when the 
miners first entered the region, and sheep have practically disap- 
peared from the south side of the Alaska Range from Susitna to 
Delta rivers. None were seen by members of the writer's party in 
1910, and the miners report that there are none. Caribou, however, 
are still sufficiently plentiful to provide the chief source of meat. 
During the sunmier they seek the higher parts of the Alaska Bange, 
and their tracks are often seen along the glaciers and on the tops of 
high ridges where one would ordinarily expect to find sheep. Pos- 
sibly they go there to seek relief from flies and mosquitoes. Toward 
tile end of summer they come down to lower ground and often can be 
taken with little difficulty. 
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Moose, on the oth^ hand, se^ the thickets along the mounttin 
streams in winter or early iq>ring and return to the lowland areas 
in summer. They are far more difficult to ind tkan caribou and 
more skill is required to shoot them after they are found. The 
swampy lowland between the Copper and the Susitna is an excellent 
country for moose. 

Fish are abundant in many of the lakes and in some of the dear- 
water streama Grayling are plentiful in Delta Siyer aboT« Eureka 
Creek, but, except for the sahnon, the finest and largest fiA in tha 
region is a trout found in acmie of the lakes, such as Summit Laka 
and the two lakes at the head of Roosevelt Creek. 

SUOQESTIONS. 

A few suggestions may be of aid to the prospector. The knowa 
areas of mineralization in the headwater region of Copper and 
Susitna rivers are areas of slates intruded by diorite. It is believed 
that a genetic relation exists between the presence of gold in the 
slates and their intrusion by the diorites and the related porphyritic 
dikes and sills. It is, therefore, advisable to give attention to grav- 
els derived from such sources, for although they can not be pre- 
dicted with certainty to carry gold they are at least more favorable 
places for search than areas where only one of these rocks is preset 
Failure to find mineralized zones at the contacts of the diorite and 
the slate is not evidence against the influence of the igneous rocks as 
a factor in the deposition of gold in the slates, for the physical or 
chemical conditions may have been such that the influence was ef- 
fective only at some distance from the intrusive mass. Gold depos- 
its of the contact-metamorphic type are knov^ at the head of 
Nabesna River but have not yet been recognized either in the Slate 
Creek or the Valdez Creek districts. 

Those parts of the region occupied by basaltic lavas, such as the 
south side of Windy Creek and the area south of Eureka Creek, do 
not offer much encouragement for prospecting, for although some 
of the streams in these areas have gravels that contain fine gold 
it is probable that the gold has been transported there from other 
sources. So far as now known the same statement is true of the 
diorite areas. 

Another characteristic which the Valdez Creek gold placers pos- 
sess in conamon with the placers of Chititu and Dan creeks in the 
Nizina district and perhaps also with part of those in the Slate 
Creek district is that the richest of them are reconcentrations from 
previous concentrations in older gravel deposits. It is, therefore, 
important to examine the gravels of those streams in mineralized 
areas where the water is now cutting away and re-sorting the bench 
gravels— a generalization the truth of which was at once recognized 
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by those who first discovered that the rich gravels of Valdez Creek 
below the Monahan tunnel owed their value to the fact that Valdez 
Creek, in cutting its present canyon, had tapped the previous con- 
centration of gold in the older canyon. Although this instance is 
exceptional and should not be expected to be commonly duplicated, 
it is probably true that a very large number of rich placer deposits 
owe their existence to reconcentration from previous concentrations 
of gold in older gravel deposits and that this reconcentration may 
have been repeated many times. 

COAL. 

A small outcrop of coal occurs on Coal Creek, a tributary of Clear- 
water Creek, near the boundary between the slate and the basalt areas. 
It is on the south side of the creek about halfway from the mouth to 
the head and is exposed in a bed whose thickness is uncertain but is 
probably at least 6 or 8 feet. The coal, which is much faulted and 
crashed, stands on edge between walls of yellow shale that break 
down in angular fragments and show evidence of great disturbance. 
The contact between the coal and the sJiale on one side is a vertical 
fault contact, which strikes N. 65'' W. Coal dust and small frag- 
ments of coal, such as coal miners call blossom, are exposed about this 
outcrop north of the creek for nearly half a mile, but it is doubtful 
whether the bed persists so far with equal thickness. 

The coal is a lignite. It has been tried for blacksmith's use but 
proved less satisfactory than diarcoal. It would be of some local 
value for cooking and heating if it could be conveniently carried to 
Valdez Creek, but it probably has no other value. 
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CHISTOCHINA DISTRICT. 

INTBODTTCnON. 

The term Chistochina district is here used to include the gold- 
producing streams at the head of Chistochina Biver (Pis. Ill and 
XI), of which the most important are Slate Creek, its tributary, 
Miller Gulch^ Chisna River, and Ruby Creek. Lime Creek or Lake 
Creek and the Big Four claims north of Slate Creek, on the moun- 
tain slope facing Chistochina Glacier, ccMnplete the list of localities 
whose gold production in 1910 contributed more than a ncxninal 
amount to the total output of the district 

The Chistochina gold placers were visited by Mendenhall in 1902, 
three years after the first mining locations were made.^ The present 
description is based very largely on his report and contributes little 
to it further than to bring the account of the development up to 
date. The sections on " geography and drainage " and " history " 
are quoted from Mendenhall without change. 

GEOGRAPHY AND DBAIKAGE. 

The gold field does not lie in the Alaeto Range proper, but in a groap of 
foothills that are separated from the main chain by a conspicuous piedmont 
valley, which extends 20 or 30 miles east of the head of Chistochina River and 
is occupied by Chistochina Glacier and the upper courses of Middle Fork, the 
Slana, and the Tok, and the various passes which connect these streams. 

North of this feature the peaks of the great range rise abruptly to elevations 
of 8,000 or 9,000 feet. South of it the nearest foothills are 6,000 or 6,500 feet 
in height, but decrease in altitude as their distance from the axis of the range 
Increases. These foothiUs are in detached groups, which, near the main range, 
occupy relatively large areas, the valley lowlands separating them occupying 
relatively small areaa This relation is in a measure reversed along the lower 
Chistochina near the Copper, where the foothills are often small islands rising 
above the general gravel plain of the Copper Valley. 

The particular foothill group in which are found all of the producing claims 
of the district lies betwe^i Chistochina and Middle Fork and south of the west- 
em end of the piedmont valley that has been described. It is drained by tribu- 
taries of one or the other fork of the Chistochina, the largest of these tribu- 
taries being the Chisna. This small river rises in a cirque 3 or 4 miles sonth 
of the east end of Chistochina Glacier. It flows north of west for 2 miles or 
more, directly toward a low pass leading to Slate Creek, then turns abruptly 
southward and Joins the Chistochina 7 or 8 miles below the mouth of West 
Fork. Its total loigth is only 12 or 13 miles. Slate Creek lies west of the 

1 Mendenhall, W. C, The central Copper River region, Alaska : Prof. Paper U. S. OeoJ. 
Survey No. 41, 1905, pp. 107-117. 
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upper Cbisna, its lower course occupying the western end of tbe same depres- 
sion which has controlled the upper course of the larger stream. Before enter- 
ing this cross valley it flows southward for a little more than 1} miles from 
the two small glacial remnants in which it rises, and aft^ entering it follows 
it westward for 2 miles to the Chistochina, which it Joins Just at the foot of 
the glacier. Its total length, therefore, is not over 4 miles. Miller Gulch, the 
most important producer of the district, is a small northern tributary of Slate 
Cre^, less than a mile long. 

HISTORY. 

The first locations in the Chistochina gold field were made by Hazedet and 
Meals, in the summer of 1899. These gentlemen were among the army of argo- 
nauts who crossed the Valdez Glacier In the spring of 1898 with the idea of 
prospecting within the Ck)pper River basin. Building a boat on the Klutina, 
they descended that stream and ascended the Chopper and the Christocblna, 
reaching the present location of Ghisna post office in early July. They found 
encouraging prospects here, but their provisions becoming exhausted, they re- 
turned to Copper Colter for a larger supply, reaching the Chisna again in 
August of the same year. In September they returned to Copper Center and 
during the following winter sledded supplies to a point on the Chistochina near 
the mouth of the East Fork, and from this base continued their work on the 
lower Chisna throughout the srmmier of 1899. Coarse gold was discovered at 
this time, and several locations were made. 

In the spring of 1900 these operators, together with a number of the present 
Miller Gulch and Slate Creek claim owners, returned to the Chistochina with 
a good stock of supplies, a sawmill, and some hydraulic machinery. During this 
summer gold was discovered on Slate Creek and Miller Gulch by Coles, Jacob- 
son, Kramer, and Levell, the ground staked at that time having since proved 
to be much the richest in the district. 

TBAILS. 

The regularly used winter trail from Gulkana to Chisna River 
and Slate Creek follows Copper River to Chistochina and ascaids 
the stream of that name. All freight is taken in during the winter 
months by this route, and imtil recently most of the summer travel 
followed it also. Since the nulitary trail was turned into a road 
there has been a tendency to make use of it in the summer months 
and thus avoid the exceedingly bad, swampy trail along Copper 
River. It is approximately 25 miles from Paxson on the military 
road to Slate Creek. The trail offers good footing for horses most 
of the way and presents no serious obstacles to travel, its most objec- 
tionable points being at two crossings of West Fork of Chistochina 
River in the canyon, where the water is confined to a single channel. 
Like all glacial streams, this one is subject to quick changes in the 
amount of water discharged from the glacier and may be impassable 
to-day where yesterday it afforded an easy crossing. The stream is 
a small cme and is not hard to cross where it spreads out, but when 
confined to one channel it often presents difficulties. Doubtless these 
can be avoided when better trails are made and more favorable cross- 
ings are chosen. 
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MAUi AND TELEG&APH FACILITIES. 

A po6t office established at Deiupsey, on the west side of Ghisto- 
china Eiver near the mouth of the Giisna, has a regular bisMttthly 
service in summer and a monthly service in winter. The mail route 
follows Copper and Chistochina rivers, thus serving Gakona and the 
telegraph station at Chistochina as well as Dempsey. 

The military telegraph station at Chistochina is 35 miles from 
Dempsey and 45 from Slate Creek. Slate Creek, as already indi- 
cated, is about 25 miles from Paxson, the nearest telegraph station 
on the military road. 

GOLD PLACEBS. 
OUTPUT. 

Mining began in the Chistochina district in 1899 and ccmtimied 
with a steadily increasing gold production for several years until, 
as in all plac^ districts, the richest and more easily mined gravels 
approached exhaustion. It is estimated that the total gold produc- 
tion of the Chistochina district, including the year 1910, has been a 
little more than $1,500,000, of which Miller Oulch has produced a 
large proportion. 

Between 40 and 50 men were employed in the Chistochina district 
in 1910, most of them on Slate Creek. The population is mud:i less 
than it was two or three years ago, the decrease corresponding ap- 
proximately to the falling off in gold production, 

DETAILED DESCRIPTIONS. 
KILLER GULCH. 

Miller Gulch is a deep, narrow depression cut in the slates nortii 
of Slate Creek by a little stoeam less than a mile long. The ground 
was not staked till after Slate Creek was taken up, for no one 
suspected that its gold-bearing gravels were more Taloable than those 
of the main stream, as later turned out to be true. There were orig- 
inally eight GOO- foot claims on the stream, but only seven are now 
held. As described by Mendenhall : 

The bedrock floor of the gulch is sheetefl wltili coarse gravel to a depth of 
from 4 to 8 feet. This gravel is derived principally from the slate countiy '•ck 
and its dlabasic and " blrd*s-eye porphyry ** Intmsives, but contains ale© notice- 
able percentages of granitic cobbles derived from the "round wash" which 
covers the surrounding hills. The gold is reputed to be generaBy distributed 
horizontally across the gulch, without definite pay streaks, but vertically it 
ezUbitB the usual concentration near bedrock. Hi-defined bendiee exiflt oa 
eitiier aide of Miller Gulch at 100 or 200 feet above cre^ level. They are 
reported to prospect well, but are not now (1902) worked for lack of water. 
Their origin is probably connected with the glacial history of the region. 
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The gold of the gulch is usually flat and smooth and is very rarely found 
attached to quartz or country rock. It occurs as rather coarse dust and aimflll 
BuggetA, the largest of these reported so far weighing about 4 ounces. One- 
ounce nuggets are not at all rare. The &M increases in average coarseness 
toward the head of the gulch, whence aioet of the finer dust has been remoyed. 
Its assay value is said to be about $18 per ounce. 

Small copper nuggets, bits of cinnabar, magnetite ffcsdaa, and an oocasional 
silver-white fragment of osmiridlum are found associated with the gold in the 
sluice boxes. 

Less mining was carried on in Miller Gulch in 1910 than in any 
previous year since work began there. This was not due to the 
exhaustion of gold-bearing gravels, but to a temporary suspension 
of work in order to avoid covering unworked gravels in Slate Creek 
with tailings. The water supply of Miller Gulch available for min- 
ing operations is small, so that it has been the custom of the two 
principal claim owners to use it in alternate years. In this way all 
the bed of the gulch has been worked out, but there still remain 
bench gravels that will be exploited as soon as the ground below 
can be used for dumping. 

Slate Creek, as previously stated, joins Chistochina River a short 
distance below the glacier and is approximately 4 miles long. Its 
channel marks the boundary between the Chisna and the Mankomen 
formations, but the bedrock also includes some infolded Tertiary 
beds with which coal is associated. The gravel deposits of Slate 
Creek are to a considerable extent intimately connected with the 
glaciation to which the region has been subjected. Mendenhall says : 

During the recent glaciation of the region the drainage has been considerably 
di8turl)ed, and In this disturbance the channel of Slnte Creek has been much 
nedifled. Two shafts sunk during the last two years Just east of the bed of 
Slate Creek, opposite Chisna Pass, reached rock at 75 and 90 feet respectively ; 
tbat is, at from 40 to 55 feet below bedrock level in SUate Creek, less than 100 
yards away, a difference probably attributable to the shifting of the cliannel 
<rf the creek during the late occupancy of the valley by ice. 

It Is to be noted in this connection that If Chistochina Glacier were to 
advance slightly the waters of Slate Creek would be dammed and forced out 
over the Chisna divide, tiius reproducing a condition which has probably pre- 
vailed in the recent geologic past. 

Difficulty is also encountered in the attempt to reach bedrock on the claims 
Immediately above the mouth of Miller Gulch. The difficulty here is probably 
dne more to the filling from a tributary stream whose fan has spread out over 
the Slate Creek bottoms than to any extensive excavation because of glacial 
actton. 

In that part of the upper Slate Creek channel where any Sluicing has been 
done the gravels are from 4 to 10 f^et in depth and the yield has been prac- 
tically the wage of the district $10 to |U5 per day per man. As has been stated, 
•ne or two of the claims Just below Miller Gulch are rich, and are being exten- 
sively worked at a profit, but the other workings on the lower part of the creek, 
like those on the upper, are erratic. ♦ ♦ ♦ 
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A narrow b^ich 10 or 15 feet above the level of the bed of Slate Oe^, 
opposite tbe month of Miller Gulch, was one of the first areas in the district 
worked. Several thousand dollars were sluiced here from a space covering a 
few hundred square feet The bench presumably represmts a portion of tb« 
old Miller Gulch fan, and the gold is regarded as derived from the gulch. 

The Slate Creek gold is similar in form, color, and purity to that of Miller 
Gulch, but is not quite so coarse. 

About 20 claims on the channel of Slate Creek and a number of 
bench claims adjoining them have been located. The first three 
claims above the mouth of Slate Creek are virgin ground, but aw 
difficult to work because of the depth of gravel and the large amount 
of water. A hole 21 feet deep near the south side of the gravel flood 
plain did not reach bedrock. Tailings from above are another source 
of trouble on the lower claims. A dam was built near the mouth of 
the creek in 1910 to furnish water for booming a low bench on the 
north side, but was not completed in July when the district was 
visited. 

On the fourth, eighth, and ninth claims above the mouth mining 
was confined to the bank on the south side of the stream. A heavy 
deposit of glacial material, consisting of blue clay or glacier mud 
and large bowlders, is exposed there. It is overlain by a deposit of 
frozen yellow talus or " slide " rock from 5 to 25 feet thick, derived 
from the mountain slope on the south. The glacial material contains 
gold and is exploited by undermining and caving. Bowlders are 
piled back from the cut to form a channel along the foot of the bank, 
and then the water is turned in to undermine the bank and wash away 
the fine gravel. Afterward the remaining gravel and gold is shoveled 
into the sluice boxes. This work is slow and dangerous, because 
the high bank of frozen gravel above sloughs oflf continually as it 
thaws and at times breaks down in large masses, so that men must 
be cOTistantly on the alert and ready to jump to a place of safety. 

The largest force of men at work on the creek in 1910 was near ih% 
mouth of Miller Gulch on ground that has been the richest in the dis- 
trict and still produces gold. This Tacoma claim, as it is called, 
together with the lower part of Miller Gulch, has yielded more gold 
than all the other claims of the district. The gravels of Slate Creek 
above Miller Gulch are of lower grade, and only a few men were 
employed there, but their contribution to the gold production of the 
creek is important. 

BIG FOUR CLAIMB. 

The Big Four claims are on a little stream that heads against Mil- 
ler Gulch and flows down to Chistochina Glacier on the north side 
of the mountain between the glacier and Slate Creek. It has not 
been an important contributor to the gold output of the district, but 
has given employment to a few men for a number of years. It ie 
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of importance in a geologic way as giving some additional support 
to the belief that the slates north of Slate Creek are the source of 
the gold in Miller Gulch and Slate Creek rather than, as is hdd by 
some, that it came from a distant foreign source. The gold is finer 
than that from Miller Gulch. 

BXTBT CBEEX. 

The most important gold-producing stream in this district, after 
Slate Creek and Miller Gulch, is Ruby Creek, a tributary of Chisna 
River, which lies just east of Slate Creek and is separated from it 
by a broad low divide. Ruby Creek has thrown out a wide fan of 
gravel extending in a semicircle from the point where the creek 
leaves a narrow gulch in the mountains at the head of Chisna River, 
thus forming a long smooth slope to the west, south, and east. The 
creek has cut a channel ranging from 15 to 20 feet in depth in this 
gravel fan. The gravels are gold bearing, and mining is carried cm 
in them and also in a short bend of filled and abandoned channel at 
the head of the fan just within the gulch, where for some reason 
the creek cut a new rock-walled channel within a few feet of ite 
former position. So far as now known the gold content of the 
gravels that filled the old channel is low, though great enough to 
encourage prospecting and to pay its cost The old channel is adja- 
cent to scHne of the richest ground discovered on Ruby Creek. Work 
is hindered by snow and ice, which do not always melt in summer, 
so that even the water for sluicing is brought through a tunnel im 
the ice. 

Bedrock has not been exposed in Ruby Creek where it crosses the 
gravel fan. The false bedrock which holds the gold is a thin gravelly 
clay bed only a few inches thick. In cutting its present channel 
Ruby Creek concentrated the gold contained in the gravel removed 
and left it on these clay beds or lenses. Only a few feet of gravel 
are shoveled into the sluice boxes and care is taken not to go below 
the false bedrock into the barren gravel beneath. These gravels are 
the source from which most of the gold from Ruby Creek is derived. 
Mendenhall states that the gold of Ruby Creek is " similar to that 
of Miller Gulch, bright yellow, smooth, and flat, only occasionally 
rough or in rounded pellets. A number of small nuggets have been 
found, the largest of which is worth $12.75. The assay value of this 
gold is repwted to be $18 or $18.50." 

CHISVA XTVEB. 

Chisna River occupies an intermediate position between the main 
stream of Chistochina River on the west and its middle fork on the 
east. Its valley is separated from Slate Creek by a broad low divide 
and from Middle Fork by another slightly higher divide. Between 
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the stream and Chistochina Glacier is a rough, high ridge of lime- 
stone and slates belonging to the Mankomen formation, but it flows 
for most of its length in rocks of the Chisna formation. 

Chisna River, as is seen from the description given, is separated 
from the area of most intense glaciation on the north, but its own 
valley was formerly occupied by glacial ice, and much of the un- 
consolidated deposits are the products of glaciation. It is evident, 
however, that tiiese deposits are not entirely derived from within 
the valley, but were in part poured into it from east and west iHien 
the valleys of the two branches of Chistochina River were filled with 
ice and part of their water and debris was discharged over the two 
low divides previously mentioned into the valley of Chisna River. 

When Mendenhall visited the district in 11X)2 he found that minifig 
developments were confined to the upper and lower parts of the river. 
He gives the following description of the stream : 

In both of these regions bedrock had beea reached on some of the clalflw at 
Tarylng and usually not ezcestlTe depths, and wfaereTer fouad it carried 
sufficient gold to enable tlK operators to wash the gravel at a profit. 

Throughout the intermediate portion of the river the bedrock lies at un- 
known depths beneath a mantle of glacial material. In one place, one-half 
mile above the mouth of Powell Gulch, a shaft was sunk from cfeek level 
through 21 feet of compact till into an underlying bed of sand, w1ii<A admitted 
water and forced a suspension of operations. It is improbable that the 
sorting and concentrating effect of water throui^ot this middle portion of 
the Chisna Valley has at any postglacial time been operative dowa to bedrock, 
so tliat, even could the latter l>e reached, it is unlikely that gold in sufficient 
quantities for profitable exploitation would be found. The clay layers within 
the glacial deposits which are reached in prospecting carry colors, bat are 
not sufficiently rich to invite extensive operations. 

******* 

The operations along this [the lower] portion of the Obisna Vall^ are coa- 
flned to a group of properties within 2 or 3 miles of the mouth of the riv^- 
They extend through the canyon and for short distances above and bdow it, 
where alone bedrock Is accessible. ♦ ♦ * 

Bedrock is easily accessible through the canyon, but the latter is eo narrow 
that the bars not swept by the swift current are very small and probably 
carry but little gold. At the mouth of the canyon bedrock is easily readied, 
but having a somewhat greater slope downstream than the river It soon passes 
below a point where it is at present practicable to reach it in sluicing. W 
is reported that bedrock lies only from 4 to 8 feet below the soffttce of 
the flood plain for a considerable distance above the canyon, but since there 
are many coarse bowlders In the flood-plain material It ean not be bandlad to 
advantage by ordinary sluicing methods. It is believed that hydraulic work 
at this point will prove profitable. 

The gravels contain a considerable variety of rock types, contrasting strongly 
in this respect with those of Slate Creek, Miller Gulch, and the upper Chiroa. 
Such a contrast is of course to be expected, because the gravels of the latter 
streams are derived from limited areas within the small drainage bsMas of 
the creeks themselves, where few rock varieties are known, while tht gravels 
of the lower Chisna are of all the various types in the much larger Chisna 
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basin, and probably also of material brought from outside sources by glacial 
action. 

The gold from the lower Chlsna is much like that from Slate Creek and 
Hlller Gulch in general appearance, but is finer and somewliat more uniform 
in grain. Nuggets are rare, but flakes one^ghth tnek or more in diameter 
are abvodant An assay Talne ot $18.72 per ounce is reported. 

The devek)piD€fits liave not yet determined fully the valaes to be won, 
but the gravels below the canyon are said to run from 1.7 to 5.5 cents per 
pan, with a maximum of $1 on bedrock. A small comer of Discovery claim, 
just at the head of the canyon, is reported to have yielded $1,000 as the result 
of a few weeks' work with a short string of sinices, so tliat the available 
gravels bere, if earefally bandied by hydraulic methods, tlMMild yield goed 
profits^ 

III 1910 the work done on Chisna Riyer was in the nature of 
ftseesBnient work and was confined to the lower part of the stream. 
Consderable ground is held there by different persons, who are 
awaiting the time when the introduction of hydraulic machinery or 
other eocmomical methods Aall make mining more profitaUe. At 
{Mrment the price of labor and supplies prevents derelopment of 
nracfe of the gold-bearing gravels, for with wages at $10 per day 
and the oost of frighting at 20 to S5 cents per pound none but 
Ae richest gravels can be exploited at a profit. 

At Dempeey, an the west side of the ChistocAina, near the mouth 
of Chisna Kiver, are deposits of bench gravels that carry fine gold. 
Prospecting has been conducted there for a number of years in the 
expectation of discovering a definite pay streak, but without much 
success as yet The principal work done is represented by a tunnel 
driven into the gravel bench. 

That the gold of Chisna Kiver is chiefly derived from the Manko- 
mesi f<^mation is indicated by the fact that^ so far as the writer 
kiM>w8, those streams cutting rocks of tlie Chiaia formation are not 
gold-bearing except where they have received some contribution of 
foreign gravel from the north. Rich pay streaks with coarse gold 
should therefore not be expected on the lower Chisna and Chisto- 
efaina except wh^e glaciation has brought about unusual conditions 
of transportation, for the commcm experience in gold-placer districts 
is that the gold becomes finer and more widely distributed in the 
gravel as it travels farther from its source. When the high-bench 
gravels are known to carry gold, particular attention should be 
given to streams that are cutting diannels through th^n or under- 
mining their banks, for in such places a reconcentration is going on 
that may give a deposit of economic importance where it would not 
otherwise exist. Where there is no reconcentration of this kind the 
best hope oi the prospector is in the discovery of large supplies of 
low-grade gravels that may be ezphnted in an extensive way by 
economical methods. 
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Lime Creek is a tributary of the middle fork of Chistochina 
River heading against Chisna River; it appears on the older maps 
under the name of Lake Creds. Morainal topography characterizes 
much of the valley of Lime Creek from its head to the main river 
valley and affords abundant evidence that this region was at one 
time thickly covered by ice. 

Placer-mining operations are conducted <hi a bench on the north 
side of Lime Creek, well above the stream and about 1^ or 2 miles 
east of the divide between Lime Creek and Chisna River. The 
gravels here are evidently largely of glacial origin. The section 
exposed in mining shows about 6 feet of heavy bowlder wash resting 
on blue glacier clay or mud containing small angular rock fragments, 
which is in turn overlain by more of the heavy bowlder wash, the 
whole section having a thickness of 30 to 40 feet A large amount of 
greenstone, associated with slate, limestone, conglomerate, and 
granite, is present in the deposit The richest gold deposit is con- 
tained in a rusty gravel seam on the blue-clay bedrock. Copper 
nuggets ranging in size from shot to pieces of several pounds are 
caught in the sluice boxes. They resemble those of Chititu and Dai 
creeks in the Nizina district and like them are probably derived 
from copper deposits in basalts or greenstones, such as are exposed 
in the mountain northwest of Lime Creek. 

ORIGIN OF THE GOLD. 

From his study of the placer deposits of the Chistochina district, 
Mendenhall reached the conclusion that the gold was derived from an 
area of local metamorphism in the slates of the Mankomen formation, 
and gave the following account of its origin and the conditions gov- 
erning its disposition : 

The coarsest gold of the Chistochina field is found in Miller Gulch, in Slate 
Creek, and at the head of the Chisna. That taken from the lower Chisna is 
finer in grain and has a higher assay value, although in other respects it 
resembles the product of the headwaters. It is therefore considered probable 
that all of the gold of the field has been distributed from the region about 
the sources of the producing streams, but there is a lack of unanimity as to 
the manner of its occurrence there. 

Many operators plausibly maintain that it is derived from the " round wash,** 
which is particularly heavy about the head of Miller Gulch and Slate Creet 
This deposit of cobbles Is also present on the divide between Ruby Gulch and 
the stream next east, so that the advocates of this theory are able to prove 
that each stream at present worked to a profit drains an area in which the 
*• round wash " is found. They likewise regard the smooth surface of the gold 
as evidence that It is water worn and has therefore been brought, like the 
" round wash," from some extraneous source. 

Some facts, however, are distinctly opposed to this hypothesis. Others seem 
to admit of as ready explanation on another basis. 
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▲ small stream ou which a group of claims known as the " Big Four " has 
been staked heads opposite Miller Golch and flows down to Ghistochina Glacier. 
The beaylest d^;)oslt of the ** round wash ** known in the region occurs on the 
slc^>e8 drained by this brook, which seems, therefore, to be more favorably 
situated than Miller Gulch relative to this deposit as a source of gold ; bat the 
Big Four claims yield fine gold in moderate amount and are not to be com- 
pared in richness to Miller Gulch. Furthermore, Ruby Gulch and the creek 
next east of it seem to be equally favorably situated in relation to the d^K>slt 
of the '* wash," which occupies the divide between them, yet one has yielded 
operators a handsome return and the other Is not profitable. 

It is even more significant that the sources of the gold-bearing creeks are 
all within an area whose extent coincides with a region of local metamorphism 
in the Permian shales, and that no other metamorphosed areas of these beds 
and no other gold districts within them are known. Where they have been 
metamorphosed an Incipient cleavage is developed and the shales carry a few 
narrow quartz stringers. It is believed that the flat, smooth character of much 
of the gold is sufficiently accounted for by its origin in these ^lales and by 
its purity and consequ^it softness, which lead to a rapid smoothing and pol- 
ishing with but little transportation. 

It is therefore concluded that the gold is derived from these Permian rocks 
and that In Its genesis it is related to the local metamorphism which they 
have suffered. It is evidaitly post-Permian in age, and since Eocene beds de- 
I>oslted unconformably upon the Permian are but little folded and wholly 
unmetamorphosed, it Is probably also pre-Ek>cene. 

nnXUENOE OF GLACIATION. 

Ice has been an Important and often disturbing ag^t in the distribution of 
the gold within the district. To this agent must be attributed the Irregularities 
in depth of bedrock, the potholes which occasionally exist in the stream bed, 
and the changes In drainage which are to be Inferred in many Instances. The 
coarseness of the gold now found in the lower Ghisna, if, as believed, ic 
has been derived from the district at the heads of the Ghisna and of Slate 
Greek, is probably due in part to the action of the ice as a carrier. Further- 
more, the canyon on the lower Ghisna, with the short stretches above and 
below It within which bedrock Is accessible, Is no doubt due to the superposi- 
tion of the stream, in the process of readjustment during the withdrawal of 
the ice from the lower Ghisna Valley, upon the granite ridge through which 
the canyon is cut To this agent again must be attributed the heterogeneous 
filling of the middle Ghisna Valley and the burial of bedrock there beyond 
the reach of the miner. 

ECONOMIC CONDITIONS. 

The high cost of labor and supplies, due to the remoteness of the dis- 
trict from the coast and to the difficulties of freighting, has already 
been spoken of and need not be repeated, but it should be said that 
there has been improvement in these respects since the early days of 
mining here. The other important conditions affecting mining are 
thus summarized by Mendenhall : 

Another condition which tends to raise the cost of production In the r^lon 
Is the absence of wood on the upper Ghisna and on Slate Greek and Miller 
Gulch. These streams lie well above timber line, and wood, for whatever pur- 
pose desired, must be hauled from the nearest timber, 5 or 10 miles distant. 
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TbiB work \b accoraplisbed in tbe early sprisg orer the snow, betor* it is 
poflrtftle to begin mining operatfoBe, b«t with tbe Id^ wa^es tliat prevail tkto 
increaees eomrtderably tbe eost of living. On tbe lower Chisna tbere is gaOcltnt 
timber ^r an present needs. 

Tbe lengtb of tbe worbiag seaseB is tatter abort on tbe upper ctetks, wtere 
tbe wster freeaes bi tbe sbilce boxes uniMilly by S^tenber 15 or flBi^ aai it is 
sometimes as late as July before tbe adow is melted from the upper portions sf 
gulebee, so lAat a working perled eC not more tbem tbree mootbs Is to be 
coimted tipon for ttds part of the district. Here again tbe lower Cbina to 
more favorably situated^ sbKe tbe fan freestog is delayed lor two m ttmt 
weeks and tbe snow melts awsy earlier la tbe sprbig. 
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COAL MAR THE BUCK HILLS, WYOMING-SOUTH 

DAKOTA. 



By R. W. Stone, 



INTRODUCTION. 

Nine townships on the west side of the Black Hills were examined 
by the writer in the fall of 1908 for the purpose of making a classifica- 
tion of the public lands with respect to coal. (See fig. 1.) The 
townships examined were T. 45 N., Rs. 61-62 W.; T. 46 N., Rs. 61-62 
W.; T. 47 N., Rs. 62-63 W.; T. 48 N., Rs. 62-63 W.; and T. 49 N., 
R. 63 W. This area is in the Sundance and Newcastle quadrangles, 
and its geology is mapped and described in folios Nos. 107 and 127 of 
the Geologic Atlas of the United States. The field examination was 
therefore confined to the outcrop of the coal horizon and the areas 
underlain by coal as shown in the folios. All known coal exposin^es 
and prospects along the coal horizon were examined and a small 
amount of excavating was done. C. T. Lupton, M. I. Goldman, and 
F. D. Morrison assisted in the field work, which occupied about 
three weeks. In June knd July, 1909, the writer spent a week 
studying the coal near Aladdin and Sundance, Wyo., and Edgemont, 
S. Dak., for land classification ptuposes. 

When the field examinations were made publication of their results 
was not contemplated, but after the data had been used for land 
classification the writer found time in 1911 to arrange them in a 
form suitable for publication, which seemed desirable because the 
two field examinations included all known important coal exposures 
near the Black Hills. This report is made for the purpose of assem- 
bling the information concerning coal in the reports cited below, 
together with the considerable amount of new data obtained by the 
writer. 

The following Ust includes papers which deal with the coal resources 
of the Black Hills. All of them, except the four last cited, are 
publications of the United States Geological Survey. 

Dabton, N. H., Newcastle (olio (No. 107), Geol. Atlas U. S., 1904. 
Dabton, N. H., and Smtth, W. S. T., Edgemont folio (No. 108), Geol. Atlas U. S., 
1904. 

5 
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Dabton, N. H., Sundance folio (No. 127), Geol. Atlas U. S., 1905. 
Dabton, N. H., and O'Habba, C. C, Aladdin folio (No. 128), Geol. Atlas U.S., 1905. 
Darton, N. H., The coal of the Black Hills, Wyoming: Bull. No. 260, 1905, pp. 
429-433. 

Dabton, N. H., Geology and underground-water resources of the central Great 
Plains: Prof. Piper No. 32, 1905, pp. 374-379. 

Dabton, N. H., Geology and water resources of the northern Black Hills and 

adjoining regions in South Dakota and Wyoming: Prof. Paper No. 05, 1909, pp. 93-94. 

Dabton, N. H., Geology and water resources of the southern half of the Black 

Hills and adjoining regions in South Dakota and Wyoming: Twenty-first Ann. Kept., 

pt. 4, 1901, pp. 582-^84. 

Jbnnbt, W. p., Field observa- 
tions in the Hay Creek coal field: 
Nineteenth Ann Kept., pt. 2, 1899, 
pp. 568-593. 

Pabkeb, E. W., Holmbs, J. A., 
Gampbbll, M. R., committee in 
charge. Preliminary report on the 
operations of the coal-testing plant 
of the United States Creological 
Survey at the Louisiana Purchase 
Exposition, St. Louis, Mo., 1904: 
BuU. No. 261, 1905, pp. 28-29, 59, 
83, 115-117, 119. 

Pabkbb, E. W., Holmbs, J. A., 
and Campbell, M. R., committee 
in charge. Report on the opera- 
tions of the coal-testing plant of 
the United States Geological Sur- 
vey at the Louisiana Purchase Ex- 
position, St. Louis, Mo., 1904: Prof. 
Paper No. 48, 1906. 

Holmes, J. A., in charge. Pre- 
liminary report on the operations 
of the fuel-testing plant of the 
United States Geological Survey 
at St. Louis, Mo., 1905: Bull. No. 
290, 1906, pp. 224-229. 

Mineral Resources of the United 
States for 1900, 1901, p. 535. 

Mineral Resources of the United 
States for 1908, 1909, p. 196, and 
for previous years. 

Stobbs, L. S., The Rocky Mountain coal fields: Twenty-second Ann. Rept., pt. 
3, 1902, p. 440. 

Chance, H. M., The resources of the Black Hills and Bi^om country, Wyoming: 
Trans. Am. Inst. Min. Eng., vol. 19, 1890-91, 1891, pp. 49-58. 

Chance, H. M., The Discovery of New Gold Districts: Trans. Am. Inst. Min. 
Eng., vol. 29, 1899-1900, 1900, pp. 227-228. 

Chbnhall, J. W., Coal mining by mechanical appliances: Min. Proc. Inst. Civil 
Eng., London, vol. 139, 1900, pp. 32^-333. 

Todd, J. E., Mineral building materials, fuels, and waters of South Dakota: Bull. 
S. Dak. Geol. Survey No. 3, 1902, p. 110-111. 

Several lengthy excerptS; mostly geologic sections^ have been taken 
from N. H. Darton's reports for the chapter on stratigraphy. Hie 
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FiouBE 1.— General map of Black HUls, showing areas 
ooyered by large^cale maps. 
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writer desires to acknowledge indebtedness to him also for many help- 
ful suggestions and cordial interest in this paper. The notes for the 
chapter on the civic and mechanical equipment at Cambria were 
collected by C. T. Lupton, and those pages were written by him. 
The writer wishes to thank L. T. WoUe, secretary and treasurer, and 
W. £. Mouck; superintendent, of the Cambria Fuel Co. for much 
valuable information and kindly assistance. He is indebted to 
C- T. Lupton, M. I. Goldman, and F. D. Morrison, who assisted him 
in the field, for their efficient work in searching for and examining 
coal prospects imder weather conditions at times most disagreeable. 
The work was done under the supervision of M. R. Campbell, geolo^t 
in chaise of the economic geology of fuels, to whom the writer is 
indebted for helpful suggestions and criticisms. 

GEOLOGY. 

8TBXTCTXJBB. 

The Black Hills, located on the boundary between South Dakota 
and Wyoming, form an important geologic and physiographic inter- 
ruption in the Great Plains, which extend from the foot of the Rocky 
Mountains eastward to the Valley of the Mississippi. Rising several 
thousand feet above the plains, and well covered with timber and 
other vegetation because of the abundant rainfall, they contrast 
strongly with the surrounding treeless plains. Structurally, they 
constitute a dome-shaped uplift, in which sedimentary rocks much 
older than those forming the siuf ace of the Great Plains were lifted 
high above their general level. Erosion has unroofed this dome, 
exposing successive formations in concentric rings around the cen- 
tral hills. 

The salient features of the uplift are (1) a central area of crystal- 
line rocks forming high ridges which culminate in Harney Peak; (2) 
a limestone plateau with infacing escarpment; (3) a continuous 
trough, the Red Valley, completely encircling the plateau; and (4) 
an outer rim of flat-topped ridges which in most parts presents a 
steep face toward the Red Valley and a fairly flat surface sloping 
gradually away from the central area. 

In early Tertiary time, probably during the period of uplift in 
which the doming occurred, there was more or less igneous activity, 
which resulted in the development of laccoliths, largely composed of 
monzonite and syenite porphyry. 

The central area is eroded in Archean and Algonkian granite, 
schist, and quartzite, which contain valuable minerals in many places. 
High mountains in this area are separated by parklike valleys which 
narrow to canyons where the streams pass through the surrounding 
limestone plateau. 
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The general level of the limestone plateau is higher than that ol 
the igneous area, so that the central hilly group forms a basin. For 
many miles the limestone presents a line of cMs rising several hun- 
dred feet above the valleys of the central area and locally it attains 
altitudes almost equaling Harney Peak. All around the Bla<^ 
Hills the limestone plateau slopes outward and is notched by deep 
canyons of the streams escaping from the op^i valleys of the inner 
basin. 

The encircling Red Valley is bordered on the inside by the long 
slopes of the limestone plateau and on the outside by the escarpment 
of the outer rim. Although the valley appears to be continuous the 
main streams from the center of the hills cross it without much 
digression, but the divides between them are so low that the va&ey 
character of the encircling depression is conspicuous. The red color 
of the rocks and soil and the lack of trees are distinctive. The Red 
Valley commonly is 2 to 3 miles wide, but becomes narrower where the 
rocks dip at a greater angle or where interrupted by minor doming, 
as at Inyankara and Strawberry mountains, on the west side of the 
Black mils. 

The outer rim of the hills at the north and south, and locally along 
the middle western section, spreads out in a long, gentle apron, slop- 
ing away from the uplift. A fine example of the smooth plateau sui^ 
face sloping away from the dome and presenting an infacing escarp- 
ment is seen north of Edgemont, S. Dak., and also southwest of 
Sundance, Wyo. This ridge, or slightly tilted plateau, is made by 
the massive Dakota and Lakota sandstones, and, since coal is found 
only in these formations, is the only part of the Black Hills uplift 
witii which this report is concerned. All the coal known in the Black 
Hills is in the outer rim, and with the exception of some minor locali- 
ties near Edgemont, S. Dak., is in Wyoming. 

Knowledge of only a portion of the geologic column is essential to 
an understanding of the relations of the coal, and therefore only the 
stratigraphy from the top of the Simdance to the Graneros shale is 
described in detail. 

The following description of the geologic formations is adapted 
from that by N. H. Darton in the Newcastle, Edgemont, Sundimce, 
and Aladdin folios.^ 

STBATIOBAPHY. 

The formations mentioned in the following pages, named from 
youngest to oldest, are Cretaceous: Graneros shale, Dakota sand- 
stone, Fuson shale, Lakota sandstone; Jurassic (?): Morrison shale; 
Jurassic: Simdance formation; Triassic (?): Spearfish formation. 

Newcastle folio (No. 107), Edgemont folio (No. 108), Sundance foUo (No. 127), Aladdin folio (No. IS); 
Oeol. Atlaa U. S., U. 8. Geol. Survey, 1904, 1005. 
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SPEARFISH AND SUNDANCE FORMATIONS. 

The Spearfish formation, commonly known as tlie ^*Red Beds" by 
reason of its color, is the most easily recognized stratigraphic unit in 
the area. Its material is red sandy shale with intercalated beds of 
gypaxxm, and it varies in thickness from 450 to nearly 700 feet. 

Lying upon the Spearfish formation is the Sundance formation, of 
Jurassic age, composed of sandstone and shale so different lithologi- 
cally from the red beds below and the Morrison shale above as to be 
readily recognized. Buff sandstone and greenish gray shale with 
fossiliferous limestone are characteristic. The thickness is from 200 
to 350 feet. 

MORRISON SHALE. 

Unconformably upon the Sundance formation lies a shale forma- 
tion known as the Morrison, which is of Jurassic or Lower Cretaceous 
age. It averages about 150 feet in thickness and consists of massive 
shale with thin layers of fine green sandstone. Buff, pale-green, and 
maroon colors give character to the general drab color of this shale 
and make the formation readily recognizable. The soft color of the 
weathered outcrop can not easily be mistaken for the buff of the 
Simdance or the bright red of the Spearfish formation. 

The Morrison shale outcrops in a narrow belt under the cliffs of 
Lakota sandstone along the east face of the so-called Hogback Ridge 
in Wyoming. The outcrop is often obscured by talus from the sand- 
stone cliffs above and by soil derived from its own disintegration. 
Qood exposures are to be seen along Mason Creek near the coimty 
line, on Skull Creek near the Holwell ranch, in Black Canyon and 
along Oil Creek, and in the long straight bluff of the table on the west 
side of Salt Creek. East of Salt Creek it is extensively exposed by 
the removal of the Lakota sandstone. The formation is poorly 
exposed near Aladdin but appears to be about 60 feet thick. 

Its relations and fauna in other regions suggest that the Morrison 
is of fresh-water origin. It contains fossil bones of saurians which 
some paleontologists deem to be of late Jurassic age; others class them 
as early Cretaceous. 

LAKOTA SANDSTONE. 

Occurrence and character. — ^The prominent escarpment which flanks 
the encircling outer rim of the Black Hills is produced by the massive 
hard sandstones of the Lakota and Dakota formations. The ready 
weathering of the soft shale beneath enhances the relief and the 
sandstones outcrop in high cliffs. Owing to low dip and deep canyons, 
the outcrop of the main body of sandstone is very long and is flanked 
by numerous outlying buttes. 
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The Lakota sandstone is usually from 150 to 300 feet thick, and is 
composed of coarse-grained, massive, and cross-bedded sandstone 
with thin partings of shale. The color is commonly buff but may be 
light gray or even white. Some of the basal sandstone is markedly 
white and of sugary textiu*e; much white sandstone is foimd in (MI 
Creek valley, especially west of the T E ranch. 

At or near the base there is a coal horizon in which occurs an erratic 
bed of bituminous coal. In a small area about Cambria the coal is 
from 4 to 10 feet thick, and at the Holwell ranch on Skull Creek it is 
known to be from 6 to 9 feet thick. Elsewhere, however, the bed is 
either badly broken by partings, is very thin, or is represented by 
carbonaceous shale. 

Cambria. — ^Typical sections of the Lakota and closely associated 
formations in the vicinity of Cambria, measured by Darton and pub- 
lished in the Newcastle folio, are here given, the first being compiled 
from surface exposures near Cambria and from the record of a bore 
hole sunk on the plateau and passing down through the Antelope mine. 

Section of Lakota and associated formations at Cambria, Wyo. 

Dakota: Feet. 

Sandstone, thin bedded, at top of table 20 

Sandstone, hard, massive, buff colored 40 

Fuson: 

Shale and talus [concealed beds] 20 

Lakota: 

Sandstone, light colored, conglomeratic in part 60 

Talus [concealed beds] and sandstone ledges 70 

Sandstone, light-gray, soft, fine-grained 50 

CJoal 7 

Sandstone, hard, light brown 5 

Sandstone, soft, dark brown 2 

Sandstone, light-gray, moderately hard IJ 

Coal with sandstone, shale, and pebbly layers } 

Sandstone, dark-gray, soft 1 

Coal, shales, and sandstone 2 

Morrison: 

Clay, gray 3 

Sandstone, light-gray, moderately hard 1} 

Clay 7J 

Sandstone, gray, upper half very hard 4 

Shale with some thin sandstones 54+ 

In the canyon of Little Oil Creek below Cambria high walls of 
Lakota sandstone surmounting a slope of Morrison shale, from 40 to 
90 feet high, are capped by Dakota sandstone with imderlying Fuson 
shale (PL I, A). A section 2 miles above Newcastle is as follows: 
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LAKOTA AND DAKOTA SANDSTONES ON LITTLE OIL 
CREEK NEAR CAMBRIA. WYO. 



B. DAKOTA SANDSTONE DIPPING BELOW SURFACE. 1 MILE NORTH OF NEWCASTLE. WYO. 
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Section of canyon of Little OH Creek above NetvcastUf Wyo. 

Dakota: Foet. 

Sandstone, thin bedded 20 

Sandstone, massive, reddish 30 

Fuson: 

Shales and thin sandstones 15± 

Lakota: 

Sandstone, buff, partly concealed 40± 

Sandstone, massive, nearly white 45 

Shale with coaly layers 6 

Sandstone, gray to brown 20± 

Morrison: 

Shale to bottom f. 90 

These formations pass beneath the surface north of Newcastle, 
where the dip within a short distance changes from 3^ to 22^. Plate 
I, Bj shows the Dakota sandstone as exposed in a railroad cut north 
of Newcastle. 

On the east side of the ridge, 2 miles south of Cambria, the bluff 
exposes the following section of the Lakota and associated formations : 

Sedi(m on east tide of ridge g miles 90Uth of Cambria, Wyo, 

Dakota: Feet 

Sandstone, rust colored, thin bedded at top and bottom 33 

Fuson: 

Clay, massive, purple to maroon 17 

Lakota: 

Sandstone, massive, dull gray above, yellowish tan color below . 40 

Shale, purplish, partly covered by talus 12 

Sandstone, massive, salmon to brick red 60 

Sandstone, massive, white 8 

Bottom concealed by talus. 

On the west side of the ridge, opposite, many scattered outcrops of 
sandstones show considerable local variations in color. At one point 
a 5-foot coal bed is exposed. The following section sets forth the 
principal features: 

Section on west side of ridge 2 miles south of Cambria, Wyo. 

Dakota: Feet. 

Sandstone, light brown, mostly thin bedded 30 

Fuson: 

Talus 35 

Lakota: 

Sandstone, massive, salmon colored, conglomeratic at base 60 

Talus, on sandstone in part 36 

Sandstone, light gray to buff 35 

Shale, gray 4 

Sandstone, massive, brown 12 

Coal and bone IJ 

Sandstone, massive, brown 2 

Goal, underlain by some sandstone 5 

Morrison: 
Shales. 
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Plum Greek. — On the west side of East Plum Creek a thickness of 
about 160 feet of massive light-colored sandstones shows local con- 
glomeratic streaks and some intercalations of thinner-bedded mem- 
bers about 70 feet above the base. The details of a partly well- 
exposed section just north of Deford's ranch, 2 miles northwest of 
Cambria, are as follows: 

Section on we»i tide of East Plum Creek t miUe northwest of Cambria, Wyo. 

Dakota: Feet 

Sandstone, masBive, tan colored 20 

Dakota(?) and Fuson: • 

Sandstones, thin bedded, and shales of various colors 53 

Lakota: 

Concealed 40 

Sandstone, massive, pale pink to buff, conglomeratic at base. . . 15 

Sandstone, light buff, cross-bedded, conglom^atic at base 22 

Unconformity (?). 

Sandstone, compact, pale pink to light gray 12 

Sandstone, coaree, conglomeratic, brown 18 

Sandstone, dark buff 24 

Impure coal and coaly shale 6 

Sandstone and shale 3 

Coaly shale and thin coal beds 7 

Sandstone, massive, tan colored 6 

Shale, sandy, light gray 2 

Sandstone, massive, buff 30 

Concealed 15 

Morrison: 

Shale 90+ 

In the canyon just southwest of Mount Zion ranch the Lakota and 
associated formations are as foUows: 

Section in canyon touthwest of liouni Zion randi, Wyoming, 

Dakota: Feet. 

Sandstone, massive, light colored 30 

Fuson: 

Sandstone and dark shales 20-30 

Lakota: 

Sandstone, buff and tan colored, conglomeratic streaks 115 

Coal, bony } 

Sandstone, hard 3 

Coal 4 

Sandstone with carbonaceous streaks I 

Coal 2 

Sandstone, massive, parUy cross-bedded, neariy white 40 

Morrison: 

Shale, greenish. 
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OH Greek. — ^In Oil Creek and Blaektail canyons the Lakota varies 
in thickness from 125 to 160 feet. A typical section, including the 
Fuson and Dakota formations, on the west side of Oil Creek canyon 
1^ miles below the mouth of Plum Creek has Uie following compo- 
nents: 

Section on west tide of OH Creek canyon 1^ mileM below mouth of Plum Creek, Wyo. 

Dftkota: Feet. 

Sandstone, masBive, rust colored 40* 

Dakota?: 

Shale, sandy, gray 9 

Sandstone, reddish 2 

Fuson (in greater part) : 

Sandstone, thin bedded, gray 1 

Sandstcme, dark pinkish 5 

Sandstone, thin bedded, rust colored, with dark shale layers 25 

Shale, gray 10 

Sandstone, reddish 2 

Shale, carbonaceous 1 

Concealed 3 

Sandstone, cross-bedded, gray 12 

Concealed 15 

Lakota: 

Sandstone, cross-bedded, massive, light colored (in part Fuson) . 30 

Sandstone, conglom^atic, li^t gray 25 

Sandstone and coaly shale 2 

Unconformity (?). 

Sandstone, massive, rust colored above, lighter below 19 

Shale and sandstone, gray 20 

Sandstpne, massive, reddish tan to salmon colored 30 

Morrison: 

Talus and shale 80 

The cliffs on the west side of Oil Creek canyon above the mouth 
of Plum Creek exhibit the following section: 

Section on west side of OH Creek canyon t miles above mouth ofPlvm Creek, Wyo, 

Dakota: Feet. 

Sandstone, massive, tan colored 55 

Shale, sandy, gray 3 

Sandstone, thin bedded, rust colored 24 

Fuson and Lakota: 

Concealed 50 

Lakota: 

Sandstone, massive, cross-bedded, gray 15 

Sandstone, massive, cross-bedded, conglomeratic, tan to salmon 

colored 36 

Sandstone, thin bedded, rust colored, with some shale 8 

Shale, gray 1 

Sandstone, massive, cross-bedded, tan colored 25 

Shale, carbonaceous ) 
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VuooftfoTmity, 

Feet. 

Sandstone, thin bedded, gray 6 

Shale, purple IJ 

Sandstone, maasiye, cross-bedded, light gray 24 

Sandstone, massiye, croos bedded, rust-red colored 30 

Morrison: 

to Oil Creek.. 6 



Owing to a local flattening of dips a short distance north, the lower 
sandstone descends to the water level and crosses the valley, but it 
rises again within a short distance, and 3 miles farther north it is 
more than 150 feet above the creek; however, its thickness is greatly 
diminished. 

Although the above sections do not show the feature, the lower- 
most beds of the Lakota in some places are fine conglomerate or grit. 
This grit consists of closely compacted and well-rounded white, gray, 
black, pink, and red quartz, quartzite, and chert pebbles one-eighth 
inch in diameter in a matrix of white clay. It is well exposed at the 
coal openings in sec. 31, T. 48 N., R. 62 W., near the Holwell ranch, 
where the coal is underlain by a hard iron-bearing sandstone. 

The variations in stratigraphy shown in the sections given above 
and the presence of a coal bed give the formation special interest 
In the plateaus north of Newcastle the upper member of the Lakota 
is a massive sandstone of gray color usually about 90 feet thick and 
in places having conglomeratic streaks. The base of this member 
shows considerable evidence of local unconformity and in places 
contains a thin band of coaly shale. Next below is a massive, fine- 
grained, even-textured sandstone, commonly light ash-gray near the 
top but much darker below and locally rusty or tan colored through- 
out; it averages about 50 feet thick. 

Under it is found the main coal horizon, which, with the thinner- 
bedded sandstones and shales underlying the coal, in some places 
attains a thickness of 25 feet. Where the coal is thin or absent its 
horizon is either immediately above the Morrison shale or an inter- 
vening thin layer of sandstone. Outside the Cambria basin the coal 
thins rapidly and merges into a carbonaceous shale that contains 
thin seams of coal. Along the west side of East Plum Creek the main 
coal horizon is represented by 12 or 14 feet of coaly shale containing 
scarcely any usable coal. 

In the upper sandstone of the Lakota in the region west of New- 
castle two pebble bands appear in most of the exposures. The upper 
is a small gray conglomerate layer in a massive tan-colored sand- 
stone. The lower contains coarse rust-red pebbles scattered more 
or less thickly through a 10 to 12 foot bed lying about 30 feet above 
the coal horizon. Light tan-colored massive sandstone, varying in 
thickness but averaging about 20 feet, separates the two conglomw- 
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atic layers. The carbonaceous shale in the middle of the Lakota 
sandstone is wdl developed on Oil Creek and its branches, but it is 
of variable thickness and composition. It contains some thin coaly 
layers and has been prospected in places with the hope that it would 
prove to be an upper coal horizon. 

Aladdin. — The Lakota sandstone is conspicuous on Hay Creek in 
the vicinity of Aladdin, where with the Dakota sandstone it makes 
prominent cliffs. It is somewhat thinner than at Cambria, averaging 
rather less than 150 feet. A section measured by Prof. Jenney is as 
follows: 

Section 6/ Lakota sandstone at Aladdin, Wyo, 

FuBon shale. Feet. 

Sandstone, maaaiye, yellow, croes-bedded ; fonning cliffs 35 

Conglomerate ; small pebbles of flint and quartz 3 

Breccia; angular fragments of sandstone and shale in white clay. . . 3-10 

Sandstone, yellow 10 

Sandstone, massive, gray, thin layers; fonning cliffs 30 

Shale, drab, clay, with plant remains 2-5 

Shale, soft, sandy, with carbonized plants 2 

Coal 1 

Sandstone, soft yellow 4 

Shale , drab , clay 12 

Coal 3 

Shale, drab, clay (Morrison?). 

116 

Sections measured at two or three places west and south of Aladdin 
show the Lakota somewhat thicker. 

The Lakota sandstone is well exposed in all the canyons north of 
Edgemont; S. Dak. Cheyenne River cuts a canyon through it at 
the anticline about 4 miles east of the town, reveaUng this section: 

Section of Lakota sandstone 4 miles east o/Edgemonty S, Dak. 

. Feet. 

Sandstone, massive, fine-grained, white 100 

Sandstone, slabby, and shale 40 

Sandstone, massive, fine grained, light gray 40 

Sandstone, shaly and thin bedded 10 

Sandstone, massive, white to dirty gray 230 

420 

In deep well borings at Edgomont this sandstone was recorded as 
222 feet thick. 

FUSON SHALE. 

A band of shale and thin-bedded sandstones lying between the 
massive Lakota and Dakota sandstones is known as the Fuson shale. 
Its thickness ranges from 10 to 100 feet. Because of its position 
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between maadve sandstones, it is commonly obscured by talus. Tht 
pink, red, maroon, gray, and buff diales giTe the fonnation a readily 
distinguishable character. On the west side of Oil Creek, near the 
T E ranch, the formation consists of 20 feet of dark-gray shale and 
sandy shale overlain by 6 feet of thin-bedded buff sandstcme. On 
Mason Creek, in sees. 5 and 6, T. 48 N., R. 62 W., bands of carbon- 
aceous shale a few inches thick, have been found m the formation. 
Although Uie outcrop is commonly hidd^i, some good exposures can 
be found in the steep cliffs. 

At the north end of the Black Hills the Fuson is reported to be a 
little thicker than on Mason Creek. On the south fork of Hay Creek 
at Aladdin the following section was measured by Prof. Jenney: 

Seciion of Fusan shale at Aladdin, Wyo. 

Dakota sandstone. F^t 

TaluB 15 

Sandstone, yellow-brown 5 

Talus 22 

Sandstone, yellow-brown 6 

Clay, purple, partly exposed 20 

Sandstone, yellow, thin bedded 15 

Lakota sandstone, massive. 

73 

Half a mile west the formation appears to be 102 feet thick, whereas 
a mile south of the south side of the ridge it is 70 feet. 

Well-preserved fossil leaves found in the base of the shale in the 
vicinity of Aladdin place these beds in the Lower Cretaceous. 

DAKOTA SANDSTONE. 

The Dakota is a coarse-grained buff-colored sandstone ordinarily 
from 140 to 150 feet thick, which forms the upper and outer surface 
of much of the outer rim of the Black Hills. It is described above 
(pp. 9-13) in connection with the Lakota sandstone. The Dakota 
sandstone is often massively bedded and cross-bedded, merging into a 
thin-bedded variety in the upper portion. Reddish color is diaracter- 
istic of the massive lower, cliff-forming member, from which the rock 
breaks off in great vertical slabs or rude columns. (See PL H.) 
This massive character is lacking in some localities, especially north 
of Newcastle, where the formation is softer or thinner bedded. 

An exceptional phase of the formation is exposed in the canyon of 
Little Oil Creek just above Newcastle, where it is represented by a 
series of alternating, mostly thin-bedded sandstones and shales of 
dark color. As the Fuson shale is less distinctive here than usual 
it is difficult to recognize the precise dividing line between the two 
formations. On the branches of Plum Creek the Dakota has been 
extensively eroded, but small outliers remain on the summits of some 
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of the adjoining ridges. Its identity is in some places doubtful. In 
the region north of Newcastle there is a general thinning of the 
formations to the north and northeast. On the high tables about 
Cambria the thickness varies from 40 to 60 feet, the massive lower 
bed occurring in the thicker portions. 

The broad table-land about Mount Zion ranch owes its character 
to the underlying Dakota sandstone, as does also the west-sloping 
surface between Oil and Skull creeks. Northwest of Cambria only 
the highest parts of the narrow ridges are capped by Dakota sand- 
stone, but in the vicinity of Ezra the Dakota underlies and causes 
the )Edtitude of t\ie westward slope of the triangular area between 
Ma§on, Dry, and Skull creeks. North of Mason Creek the Dakota 
sandstone caps the plateau in the east part of T. 49 N., R. 64 W., and 
is found in small patches on the highest parts of the hills between 
Inyankara Mountain and Sheldon. It also caps the ridge between the 
middle and south forks of Hay Creek at Aladdin, Wyo., and forms 
the broad south-facing slope north of Edgemont, S. Dak. In deep 
wells at Edgemont the Dakota seems to be 55 feet thick. 

Considerable iron in the Dakota sandstone gives rise to the reddish- 
brown color of the weathered rock. Much of the iron is in the form 
of small ironstone concretions and sand cemented by iron oxide. 
Fossil plants collected in it show that the age of the Dakota sandstone 
is Upper Cretaceous. 

GRANEROS SHALE. 

The youngest formation to be mentioned in connection with the 
stratigraphy of the coal is a fissile shale about 1,000 feet thick which 
rests directly on the Dakota sandstone and is known as the Graneros 
shale. It is mostly dark colored and makes gumbo soil. TVithin 
about 200 feet of its base the formation contains a conspicuous band 
of hard shale and thin-bedded fine-grained sandstone which weathers 
light gray and owing to its hardness forms a line of knobs and ridges 
that rise slightly above the main clay slope. This is an extension of 
the Mo wry shale member of the Bighorn Mountains and adjacent 
regions, and like the Mowry is full of fish scales. Except for these 
the Graneros shale contains few fossils. Its age is lower Benton. 

COAI.. 

INTBODUCTION. 

The coal beds found at a number of places around the Black Hills 

in South Dakota and Wyoming are at or near the base of the Lakota 

sandstone. The talus of great blocks of sandstone which accumulates 

on the Lakota-Morrison contact and the generally wooded condition 

19053**— BuU. 499—12 2 
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of the slopes conceal the coal and makes finding it difficult. Natural 
exposures of the horizon are few, and where they do occur the coal 
may have weathered or bumad out And the orerlying sandstone have 
come down. 

It is believed that the Lakota coal beds are commonly lenticular 
and that aside from the depoflits at Oambiia Aey cover no great area. 
In some places only one \»d of coal occurs, but in a number of others 
a second and smaUer bed is found a few feet higher in the sectioii. 

The coal of the Bkok Hills in its 
coking grade, but it varies from 
benches of the same bed. Besides c 
cannel, splint, and '^pine-needle" < 

OOOX7BB 

The coal localities in the Black 
along the west side of the hills, be{ 
Aladdin and concluding with liiose 

ALADmN. 

Coal was discovered at the north end of the Black Hills on Haj 
Creek about 1875-1880. It was mined by the early settlers, who for 
protection against the Indians lived in a stockade near the site of the 
present store at Aladdin, Wyo. The coal is in two beds in the lower 
part of the Lakota sandstone. The main bed is from 3 to 6 feet thick 
where it has been mined, and the upper bed is about 2 feet thick. The 
beds are separated by 10 to 20 feet of sandy shale. The outcrop along 
the north side of the creek has been thoroughly prospected for a 
distance of 2 miles. West of the store four prospect drifts driven at 
the horizon of the coal bed failed to find coal. One of tihem at the 
west side of sec. 28, T. 54 N., R. 61 W., is said to have been 300 feet 
long. The writer could not verify the absence of coal in this drift, 
which is caved and inaccessible, except by the fact that there is none 
on the dump. A few rods farther west 1 foot of black shale is ex- 
posed at this horizon. (See fig. 2.) 

Within one-half mile east of the store, along the base of the bluff 
north of the railroad, seven entries and prospects have been driven 
on the coal bed. All are now caved so that the coal bed can not be 
seen. The dumps, mine trac^, and cable used for hauling trips out 
of the mine show that a workable coal bed must have been found 
here; it is said to be 5 feet thick, but the complete abandonment sug- 
gests either that the bed was of workable thickness only over a small 
area or else that the coal was not of satisfactory quality. 

About a mile east of Aladdin, or near the center of sec. 27, T. 54, N., 
R. 61 W., several openings have been made on the coal. The first, 
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A. STILWELL COAL CO.'S MINE AND LAKOTA SANDSTONE AT ALADDIN. WYO. 



li. LAKOTA SANDSTONE IN CAMP CANYON NEAR CAMBRIA. WYO. 
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marked by an air stack, is caved full, but shows coal on the dump. 
The next, at the head of the railroad Y. is caved at 40 feet and only 
the top of the coal bed is exposed. An air course and entry at the 
same point is open for 200 feet, but is supported by square sets and 
lagged so tight that the coal bed is completely hidden. 

The only mine now open at Aladdin is a mile east of the store, on 
the east side of the railroad Y. (See PI. lU, A,) The main entry was 
driven north down the dip for 1,360 feet and a few rooms were opened. 
Pillars have been drawn from the inner part of the mine and the entry 
is caved full at about 700 feet from the surface. In this distance two 
small faults having an east-west course displace the coal bed to a 
maximum extent of about 15 feet. They may be due to the breaking 
down of the valley wall or cliff formed by the massive sandstones. 
The coal bed in the 700 feet of drift now accessible ranges in thickness 




Outcrop of cool 
horizon 



Mine 



FVospecf , no co«l Section comer 
•found 



FiauBK 2.— Skatoh nup of mines and prospects near Aladdin, Wyo. 

from 18 inches to nearly 4 feet. At the working face, about 700 feet 
from the mouth, where a section was measured and sample taken, the 
bed is 46 inches thick (see PL IV, fig. 1, p. 34) and is distinctly divisible 
into two parts. The upper half of the bed is a bright bituminous coal, 
possibly adapted to blacksmithing, and the lower half is hard, dull, 
and bony, with sulphtu* and iron bands. This lower bench mines in 
hard blocks, whereas the coal of the upper bench crumbles readily. 
In the summer of 1909, when the writer visited Aladdin, coal was 
being mined here every few days for use in a locomotive. 

The run-of-mine coal examined at the tipple is composed of small 
pieces of pitch-black, clean, glossy bituminous coal of good appear- 
ance, and of blocks or large liunps of hard, ashy coal. These lumpa, 
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which form a considerable part of the output, contain thin bands of 
mineral charcoal, streaks of brown carbonaceous dirt, thin bands of 
dean, bright coal, and nuts of sulphurous day and iron pyrite. In 
some of these dull lumps the bands or lameto of bright coal appear to 
be set on edge in carbonaceous shale, and as a result some of the faces 
of these lumps have a rou^ pointed, or hackly fracture. In some 
places a thin band of irregularly disposed carbonized fibers, which 
can be ignited individually with a match and wiU bum freely, is found 
in the coal. 

Analyses of the Aladdin coal will be found in the table on pages 
54-55. They indude two samples of the whole bed (1976, 1977), one 
eadi of the upper and lower half (9320 and 9321, respectivdy), and 
a car sample (2278). 

A few rods east of the working mine an entry and air shaft is caved 
full; also an entry of some size, square timbered, and lagged ti^t, so 
that the bed is not visible. This entry is caved full at 150 feet from 
the mouth and there is no coal on the dump. An entry driven on the 
upper bed at this point is inaccessible. Probably the coal is not thick 
enough to be considered workable under present conditions, as it is 
said to be nowhere more than 2} feet thick and in most places less. 

In the Aladdin folio ^ Darton states that two of the openings at 
Aladdin were driven northward nearly one-fourth of a mile along the 
coal. He says that numerous prospect holes in the vicinity show 
beds of pure coal which, in most portions of the area, are a foot or 
less in thickness. Little prospecting has been done outside the 
valley of Hay Creek. 

Activity in coal mining was greatest from 1898 to 1902, when from 
150 to 200 men were employed. Shipments in 1902 amounted to 
about 10,000 long tons of soft bituminous coal suitable for locomotive 
and domestic use. The output in 1909 was about 60 tons per 
month, or enough to supply the single locomotive of the narrow-gage 
Wyoming & Missouri River Railroad, which connects Aladdin with 
the Chicago & Northwestern Railway at Belle Fourdie, S. Dak. 

Further evidence of the character of the Lakota coal beds is had 
from North Fork of Hay Creek. According to Prof. Jenney * coal 
prospects consisting of a drift run into the hillside about 60 feet and 
two shafts sunk to a depth of 90 feet, 1 ^ and 2 miles north of The Forks, 
show four beds of coal, none of which is over 1 foot thick. The rda- 
tions and thicknesses of these coal beds are as given in the following 
section, which is combined from sections measured at a tunnd and a 
shaft one-half mile apart: 

1 DartoD, N. H., Aladdin foUo (No. 128), Geol. Atlas U. S., U. S. Qeol. Survey, 1906, p. 8. 
> Jenney, W. P., Field obeenrations In the Hay Cnek coal fleld;lNineteenth Ann. Bept. U. S. OeoL 
Survey, pt. 2, 1809, pp. 684-685. 
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SettUm of Lakota coal beds on North Fork oj Hay Creek. 

Feet. 

SandBtone, gray, coarse 5 

Sandstone, yellow, massive, cross-bedded 30 

Sandstone, yellow, massive, soft, thin bedded 40 

Coal, impure and shaly, at tunnel J-f 

Shales, drab clay 20 

Coal, shaly 1 

Sandstone 1 

Shale and sandstone, alternating 12 

Coal J 

Shale, black 2 

Sandstone 3 

Coal and shale 1 

Clay 3 

Clay shale, black, changing to gray shale at base 12 

Sand rock 2 

Shale with fossil, plants 2J 

Sand rock. 6 

Morrison clay. 

143 

This shows that the ooal bed workable at Aladdin does not main- 
tam its thickness in this direction and furnishes confirmatory evidence 
that the Lakota coal beds were deposited in local basins and are len- 
ticular in outline. 

SUNDANCE. 

Coal has been found at a number of places in the ridges west of 
Sundance. The nearest occurrence, 4 miles west of the village, is in a 
narrow isolated ridge in the west part of T. 61 N., R. 63 W. Lakota 
sandstone caps the southern end of the ridge. At the southeast 
comer a drift is said to be on a coal bed about 6 inches thick. It is 
reported that the drift is about 100 feet long, and was abandoned 
because the coal did not increase in thickness. 

In a flat-topped butte or table 6 miles west of Sundance, in sec. 24, 
T. 61 N., R. 64 W., four drifts have been driven on the coal. (See 
fig. 3.) The first, on the east side of the butte, is reported to have 
been driven 460 feet by Albert Mann, but it is caved now and is 
accessible for about 20 feet only. The coal, under thick cover, is 
said to be 4 feet thick, but not of high grade. A section measured 
by the writer at the mouth of the drift shows a roof of soft drab 
shale; an upper bench, ranging from 1 to 2 feet thick, composed of 
a fair bituminous coal streaked with sandstone and bone; 4 to 6 
inches of soft drab clay; and a lower bench of fair bitmninous coal 
1 foot thick, but in part bony. 

Directly opposite, on the west side of the hill, in the NE. J NW. i 
sec. 24, a drift, driven by John Belsher between 1896 and 1900, is 
now caved and inaccessible. It is reported that this drift went 
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about 450 feet in a southeast direction and showed approximately 
4 feet of coal. A second drift, on the west side of the hill in the 
NW. J NW. i sec. 24, was started by Ernest Bolton in the spring 
of 1909, and at the time of the writer's visit early in July of that 
year it had been drivai about 100 feet. The roof is hard drab clay 
shale and the floor is hard sandy shale. The coal is in two benches, 
the upper one 17 inches and the lower one 20 inches thick, separated 
by 5 inches of clay. It is a fair-grade bituminous coal and, where 
seen, is only in part bony in the lower bench. 

The fourth opening, made by Ernest Bolton in the fall of 1908, is 
at the south end of the hill, in the SE. { NW. { sec. 24. In 1909 this 

drift had been driven about 125 feet north, 
down a slight dip on the coal; it contained 
about 2 feet of water at the face. A slope 
had been started *at a lower level for drainage 
and an easier grade for bringii^ out loaded 
cars. About 30 feet from the entry the bed 
has a thickness of 2 feet 4 inches and is com- 
posed of carbonaceous shale and bone with 6 
inches of good bituminous coal near the mid- 
dle. Mr. Bolton says that at the face of the 
drift the bed shows nearly 4 feet of good coaL 
Bony coal appears on the dump. From 50 to 
75 tons of this coal were sold in Sundance in 
the winter of 1908-9, but the people who used 
it say the percentage of ash is very high. 

The best bed of coal seen by the writer in 
the Sundance region is about 10 miles south- 
west of the town on Coal Divide. It is reached 
from the Rogers ranch on the Moorcrof t road 
in sec. 10, T. 50 N., R. 64 W., by a dim road leading south across the 
meadow about one-half mile to a point on the rim rock and thence do¥m 
to the base of the Lakota sandstone and to an old, abandoned, and inac- 
cessible prospect on the coal. One hundred yards farther west is a drift 
which was opened in the winter of 1908-9 by Steve Pyles and Ole 
Olson and driven about 50 feet with a crooked course. The roof of 
the coal bed is thin-bedded hard drab shale, and the floor is 5 inches 
of hard sandstone underlain by soft clay shale. Pour feet of coal is 
found here in a bed divisible into three benches. The upper bench 
is 2 feet of splint with streaks of fine coal; the middle is from 10 to 
12 inches of fine bright bituminous coal; and the lower is 1 foot of 
splint or bony coal with thin bands of shale. (See PI. IV, fig. 4.) 
This coal, like all that in the Sundance region, is high in ash, and 
can not be classed as a high-grade domestic fuel. Darton ^ mentions 

1 Darton, N. H., The ooal of the Black Hills, Wyoming: Boll. U. S. Oeol. Snirey No. 260, 1906, p. 4Sa. 
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a tunnel 650 feet long in the SW. \ sec. 11, T. 60 N., R. 64 W., and 
another tunnel, not in use, in sec. 10, on the opposite side of the 
canyon. This seems to be the same locidity as the coal bank opened 
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FiouKB 4.— Map showing looation of SnDdaaoa and Mason Creek prospeets. 

by Pyles & Olson and may refer to the two openings already described. 
As this is the only place in several miles where coal has been found it 
can not be stated whether the broad flat-topped ridge known as Coal 
Divide is underlain by coal or not. Considering the lenticular character 
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of the Lakota coal beda in other places around the Black Hills it is 
surmised that the extent of the bed here is small. This, however, can 
be determined only by further prospecting along the outcrop and by 
drilling from the plateau above. 

MASON CREEK. 
BIDOX WX8T OF ZVTAVKARA MOTTirTiLOr. 

Near Sheldon post office on Mason Creek, 16 miles northeast of 
the Chicago, Burlington & Quincy Railroad at Upton, there are 
several exposures and prospects on the Lakota coal. Of one of 
these at the western end of a ridge 3 miles west of Inyankara Moun- 
tain, m sec. 22, T. 49 N., R. 63 W., Darton* says: "On the ridge 
west of Inyankara Mountain it is reported that the coal deposit 
near the base of the Lakota formation has a thickness of 9 feet, 
including a number of layers of shale and bone.'' This same locality 
was reported to the writer by a resident of- the district as showing a 
considerable thickness of workable coal, but examination showed 
that the supposed coal consisted of 9 feet of black and brown car- 
bonaceous shale containing one or two bands of coal less than one 
inch thick. Near the eastern end of the same ridge, in a saddle which 
cuts through to the Morrison shale, the coal horizon is marked by 
lees than a foot of carbonaceous shale. 

On the southern end of this isolated block of Lakota sandstone 
the contact between the Lakota and Morrison formations was 
closely examined at two or three points where the exposures are 
good, but no trace of coal could be foimd. The same is true of the 
block of Lakota lying in sees. 29 and 32, T. 49 N., R. 63 W. The 
horizon was prospected at two or three points (see fig. 4), but only 
a few inches of dark shale could be found. 

MILLBS OOAIi MZHX. 

A small knoll, 2 or 3 acres in extent, on the eastern boundaiy of 
sec. 29, T. 49 N., R. 63 W., is underlain by coal. This is shown by 
three small prospects in which from 1 to 2 feet of coal is exposed and 
by a small mine on the south side of the knoll, opened and operated 
by Charles H. Miller, of Sheldon, to supply neighboring ranches. 
According to Miller an entiy driven 140 feet into the hill passed 
through horsebacks or rolls in the coal bed at intervals of about 30 
feet. This entry has been "gobbed" fuU and a new one turned to 
the right for a distance of 40 feet. At the head of this second entry 
the coal bed is about 4 feet thick, but it is almost entirely cut out 

» SundftDoe foUo (No. 127), Geol. Atlas U. S., U. S. GeoL Survey, 190S. 
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on the left by a roll and 20 feet away by another. The section at 
the head of this drift is as follows: 

Section oj Lakota coalbedat Miller mine, $ee. 29, T. 49 iV., R, 63 W. 

Roof, black aandy clay. Ft ia. 

Shale, black with fine Beama of pyrite 3 

Coal, cannel, solid 1 8 

Shale, black 9 

Coal, cannel, solid 9 

Cleavage line. 

Coal, cannel and bone, in 2 to 4 inch bands 1 4 

Coal, bituminous 4 

Clay, black, shaly 3 

Total coal 4 8 

Although this section has sufficient thickness, the nmnerous rolls 
and the small area make the bed of little value, except as here used 
to supply a very few customers. The cannel coal in the above section 
breaks with smooth cleavage faces and has the characteristic velvety 
luster. It bums readily, but carries 23 per cent of ash. (See analysis 
No. 10410, p. 55.) The 4 inches of bituminous coal at the bottom 
of the bed somewhat resembles ordinary eastern soft coal, being 
composed of bright and dull bands one-eighth to one-fourth inch thick. 
It is reported that in a prospect directly opposite this mine on the spur 
to the south still less coal was foimd. The prospect is caved, so the 
report was not verified, but half a mile farther south in the NE. \ 
SE. \ sec. 29, an old prospect was reopened and no trace of coal 
could be foimd, the bed being represented by carbonaceous clay. 
The following section was measured : 

Section at prospect near Miller coal mine. 

Ft. in. 

Sand and sandstone, grayish yellow, thin bedded 1 10 

Clay, bluish gray, with ferruginous seams 1 9 

Shale, brown, woody 1 

Clay, dark, carbonaceous 1 10 

Clay, bluidi gray 1 

Clay, dark, carbonaceous .' 2^ t 

About one-fourth mile south of this prospect Morrison shale is 
overlain by Lakota sandstone with about 3 inches of brown car^ 
bonaceous shale at the contact. 

PHZLPOTT OAVTOV. 

In the hope of discovering a better coal, Charles H. Miller has 
opened several prospects on or near Philpott Canyon, which empties 
into Mason Creek about 3 miles below Dry Creek. These are on 
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the Lakota bed and reveal the characters abeadj described. One 
of these prospects, near the head of Philpott Canyon a mile above its 
mouth, pit)bably in the SW. i NE. i sec. 23, T. 49 N., R. 64 W., is in 
the west bank 50 feet from the stream in the edge of timber one-half 
mile below the J. B. Roche homestead claim. The drift, which has 
been driven 10 or 12 feet through soil to bedrock, shows a bri^t black, 
flaky, dirty coal, as follows: 

Section in upper Philpott Canyon, 

Ft. in. 

Sandstone, Lakota 

Clay, drab and brown 6 

Coal, dirty, flaky, bituminouB ? 1 7 

Shale, carbonaceous; weathers brown 1 8 

Shale, floor. 

A few streaks of bright coal appear in the lower part of the 20 
inches of brown dbale. Nothing about the prospect suggests that 
the coal wiU be thicker under the hill. 

Farther down Philpott Canyon in the second small draw above the 
mouth, on the north under a sandstone ledge, two coaly bands are 
separated by 18 inches of sandstone. The upper band is 1 fbot thick 
and the lower one 20 inches to 2 feet thick. Both appear to be a 
mixture of black elay and pressed mineral charcoal and aba differ 
from the true Lakota coal in that they soil the hands very markedly. 
Not only are these bands too thin to be worked but also they are 
i^pparently not true coal. 

On another branch of Philpott Canyon, the following section was 
measured at a small prospect in the Fuson shale: 

Section at prospect in Pkilpott Canyon. 

Ft. In. 
Sandstone, carbonaceouB, with }-inch seams of coal and nodular 

feiniginouB layers .' . 1 10 

Clay, gray 10 

Sandstone, arg;illaceous, yellow and gray 1 10 

Shale, sandy to sandstone, aigillaceous 1 8 

Shale, slaty gray 3 

Coal, bony at bottom 9 

Shale, carbonaceous, with }-i<^cl^ streaks of coal 1 7 

Clay, gray 1 

Shale. 

The largest prospect in the vicinity is 15 feet above water in the 
west bank of Mason Creek opposite the mouth of Philpott Canyon. 
3 miles below Dry Creek. It is driven west about 16 feet under 
massive Lakota sandstone. 
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Section at prospect on Mason Creek opposite Philpott Canyon. 

Ft. Id. 

Sandstone, buff, maasive; a ledge maker 15 

Sandstone, white, shaly 3 

Clay, white 6 

Coal, flaky, dirty; resembling charcoal 1 6 

Clay, dark drab with carbonaceous flakes 3 

Clay, white with carbonised roots 4 ft 

Coal, flaky, dull, square cleavage; resembling charcoal 1 1 

Shale, black, carbonaceous 1 

Shale, dark 3 

Sandstone. 

It is apparent from the forgoing section that although there is 
sufficient coal here to raise the hopes of the prospector, there is little 
to encourage development. 

DRY CSZZK. 

The energy that may be expended on a small sliowing is illustrated 
by a prospect in the bank of Mason Creek, just above the mouth of 
Dry Creek, where a drift 80 feet long and well timbered at the mouth 
has been driven on a thin bed of carbonaceous shale. The section 
is given below: 

Section at prospect near mouth of Dry Creek, 

Ft. In. 

Shale, sandy, with sandstone layers 3 

Sandstone, ferruginous 1 1 

Sandstone, aigillaceous, iron stained 5 8 

Shale, drab 1 11 

Sandstone, gray, ^inch concretionary iron bands near base 3 9 

Clay, sandy 9 

Sand , gray 6 

Sand and clay 7 

Clay, gray 11 

Sandstone, yellowish, thin bedded 1 

Shale, carbonaceous, hard and brittle, with lenses of gray clay 4-10 

Clay, streaked white and gray 7 

Shale, clayey, black, carbonaceous 11 

Clay, light gray 6 

This section is in the Puson shale, which in this vicinity carries 
carbonaceous shale beds and in places a little coal. 

SKULL GREEK. 

In T. 48 N., R. 63 W., the writer did not find any trace of coal. 
The horizon was examined in the detached block northwest of the 
Holwell ranch and on the road crossing the escarpment between 
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Ezra and Holwell's, but without success. It is reported by W. E. 
Holwell that some years ago a shaft and drill holes were sunk to the 
coal horizon from the top of the table in section 22, but that no 
coal over a foot thick could be found. 

Lakota coal of workable thickness occurs in the vicinity of the 
Holwdl ranch on Skull Creek, about 30 miles northwest of Newcastle, 
and has been opened by drifts at three or four places. That this 
increased thickness is local, however, is shown by prospects and 
outcrops in the immediate vicinity which do not disclose coal. The 
main openings on this coal are 1} miles southeast of the Holwell 
ranch, in the SE. i SE. i sec. 31, T. 48 N., R. 62 W. (See fig. 5.) 
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Roads Cool horixon 

FiotTEB 5.-43ketdi map showliif looatloB of prospects at Holwell ranch, n o rth weg t of Newmstle, W^ 

At the heads of two ravines in the woods on the steep bluff formed 
by the massive Lakota sandstone there are two drifts about 500 feet 
apart. The easternmost, or Holwell No. 1, has been driven south 55 
feet. The rocks at this point dip southwest about 2°. From the 
nurf ace to the breast the thickness of the coal bed increases about a 
foot. The section of the coal at the face of the drift is as follows: 

Section at Bolwell coal bank No. 1, 

Sandstone roof. 

Clay, drab, soft. Ft. in. 

Bone (analysis 6744, p. 64) 1 2 

Coal, bituminous, with ashy and bright streaks 2 

Coal, bituminous, bright (flaial3rsis 6746, p. 64) 7 

Coal, cannel (analysis 6743, p. 64) 1 6 

Coal, bituminoub, bright (analysis 6746, p. 64) 1 9 

Coal, cannel 1 4 

Coal, bony, shaly; biims well 8 

Sandstone. ■ 
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A section at the Hoiwell No. 2, about 500 feet farther west^ shows 
a decreased thickness in the bed and is as follows: 

Section at Hoiwell coal hink No. t. 

Ft in. 

Bone 6 

Bone, with streabs of bituminous coal 1 1 

Coal, bright, bituminous 3 

Coal, bony 8) 

Coal, bright, bituminous ^ 2J 

Coal, bituminous, dull 5i 

Coal, cannel 5 

Coal, bony 1} 

Coal, bright, bituminous 9 

Coal, splint 1 

Bone 6 

6 

Analysis 6745; p. 53, is from a sample taken in this prospect. 
The drift at this second bank was driven south 55 feet and then 
turned southeast 40 feet. It is timbered and lagged tight to hold 
the soft clay roof. The floor is hard, flinty ironstone resting on 
massive white sandstone. 

Both drifts are dry and are in good condition for examination. 
Very steep wagon trails lead to both of these drifts, but that to 
No. 1 has been so long abandoned that it is overgrown with brush 
and partly obliterated by talus. Analyses (see p. 54) have been 
made of samples taken from the whole bed at each of these two 
openings and separate analyses of the cannel, bone, and best coal 
at Hoiwell No. 1. 

About 1,000 feet east of Hoiwell No. 1, close to the line between 
sees. 31 and 32 and a little south of the east quarter-section stone in 
the timber on the steep hillside, a small prospect, opened directly 
under the Lakota sandstone, revealed the following section: 

Section 1,000 feet east of Hoiwell No, 1. 

Ft. in. 

Clay, drab, and shale, brown 1 

Coal, ashy, with bituminous streaks 10 

Sandstone, white, soft, with streaks of carbon 5 

Goal, bituminous, good quality 2 4 

Quartzite, grayi mottled with white. 

4 7 

No trace of coal has as yet been discovered east of this small 
prospect or west of Hoiwell No. 2. In fact, at the point of the spur 
over which a wagon road leads from HolwelFs ranch to the table- 
land, and close to the range line at the northwest comer of sec. 31, 
the horizon is well exposed and shows several feet of black and brown 
shale without coal. 
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It is reported by Mr. Holwell that two chum drill holes put down 
by his sons in sec. 36, T. 48 N., R. 63 W., found only a little black 
mud at the coal horizon, and that a shaft near the southeast comer 
of the same section went through the Lakota sandstone into the 
Morrison shale without finding coal. 

A shaft simk at the east quarter comer of sec. 1, T. 47 N., R. 63 
W., in the summer of 1908 by Mr. George S. Jackson, of Deadwood, 
S. Dak., is at the base of a spur at the head of the middle fork of a 
small stream which flows west through section 1. The shaft is 6 
feet square, timbered, and passes through 59 feet of Lakota sandstone. 
In hopes of finding the Lakota coal, it was continued below the sand- 
stone for nearly 50 feet. The only trace of coal, however, was from 
9 to 15 feet below the sandstone, where nodules of iron pyrite were 
found, carrying fragments of coal. These two shafts and two drill 
holes indicate the nonoccurrence of the Lakota coal in this vicinity. 

Coal is present, however, near the center of sec. 12, T. 47 N., R. 63 
W., and is exposed in the bed of a ravine. Two drifts have been 
opened, one in the north and one in the south bank. These are 
on land patented by J. C. Spencer, and will be called the SpencOT 
prospects. The drift in the north bank is only 10 feet long and shows 
the following section: 

Section at Spencer prospect, north hank. 

Ft. In. 

Shale, brown to bhck; changing to shaly sandstone 4 

Oannel, glossy below, dull above, upper half platy, lower 

half closely checked , 1 2 

Shale, brown, carbonaceous 3 

Coal, bituminous 1 

Shale, brown, carbonaceous 4 

Coal, bituminous, fair quality 4 

Bone, deep weathered with laminsp of bituminous coal 1 1 

Ironstone floor. 

Total coal bed 3 3 

The drift in the south bank has been driven south 110 feet, and 
discloses the section here given: 

Section at Spencer prospect^ south bank. 

Ft. in. 

Shale, brown to black 4 

Coal, splint 9 

Coal, splint, very ashy 3 

Bone U-14 

Coal, bituminous with pyrite nodules 2 2 

Ironstone floor. 

Total coal bed I ^\ \ 

A shaft sunk to the coal horizon a few rods north of the Spencer 
prospects found the bed dinunished in thickness. At an abandoned 
and partly-filled shaft a few hundred yards up the ravine tiliere is 
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nothing on the dump to indicate that coal was found. An examina- 
tion of the outcrop in Black Canyon and on Oil Creek, both by the 
writer and by prospectors during the past 20 years, has failed to dis- 
cover any point where this coal bed is over a foot thick. 

This evidence as to the occurrence of coal in the vicinity of the 

. Holwell ranch suggests that, although the coal bed is of workable 

thickness at two or three places, this character probably continues 

only a short distance. The development of a mine here should be 

preceded by thorough drilling to find the extent of the coal. 

PLUM GBEEK. 

The outcrop of the Lakota sandstone on both branches of Plum 
Creek has been prospected for coal durmg the past 15 years, practi- 
cally without success. So far as known the only showings of coal 
are in two prospects near the head of East Plum Creek. One of these, 
at the head of the fork in sec. 18, T. 46 N., R. 61 W., fe as follows: 

Section of coal bed on East Plum Creek. 

Ft. In. 

Btude, carbonaceous 8 

Coal 8 

Sandstone 1 

Goal, dirty, containing sand 1 8 

Coal, slightly sandy 5i 

Sand, with 1-inch lenses of coal 2 2 

6 7i 

This coal appears to be of too poor quality for mining. 
On the opposite side of the stream in sec. 12, T. 46 N., R. 62 W., 
another exposure of this bed shows the following section: 

Section of coal bed on East Plum Creek, 

Ft, In. 

Coal, impure 8 

Coal, good 7} 

Coal, bony 10 

Coal 6 

Shale, sandy 1 4 

Cm\ 2i 

Coal, bony 1 1 

5 3 
The bed is thick enough to mine, but only a small part is good coal. 
Openings made at the base of the massive sandstone below the forks 
of Plum Creek do not show any coal. The coal horizon is rarely 
exposed because of the heavy talus from the overlying sandstone, 
but at the few natural exposures examined by the writer the coal was 
not found. Not only is this true of the canyons cut in the plateau, 
but also of the escarpment on the west of Salt Creek. Here the coal 
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horizon is almost completely hidden and but one exposure was seen. 
This is in the N. J sec. 17, T. 46 N., R. 61 W., and shows a thin bed, 
possibly an upper one above the main Lakota coal bed. 

Section of coal bed west ofSaU Creek, near SaU Spring. 

Ft. In. 

Bone,8haly 5 

Coal 5 

Coal, bony or cannel 6 

Coal 3 

1 7 
If this is a complete section of the bed mined at Cambria, it shows 
that the limit of workable coal is not so far north as mapped in the 
Newcastle foUo (No. 107), and suggests the possible absence of the 
coal in the Northwest Table and in Sweetwater Mountain. 

It can not be said that there is no coal in the ridges between Black 
Canyon and the head of Salt Creek, but none of any value has been 
found in 30 years. The only indication in this part of the field is a 
4-foot bed of black, coaly shale discovered by the writer in a landshp 
about 1} ipiles southeast of the T E ranch. The weathered outcrop 
did not permit an exact determination of the character of the material, 
but it did not appear to be good coal. An effort to find the bed in 
place was unsuccessful. 

CAMBRIA. 
BISTOKT. 

The discovery of coal in the vicinity of Cambria is variously reported 
at dates ranging from 1877 to 1886. The field was first thoroughly 
prospected in 1886, and discoveries made which called attention to 
the possibilities of the Black Hills as a soiurce of fuel for a railroad 
crossing the northeast comer of Wyoming. The Burlington & l^Gs- 
souri River Railroad, which was then completed to Grand Island, 
Nebr., offered to build on west across Wyoming if a sufficient supply 
of coal could be had. 

Kilpatrick Bros., of Beatrice, Nebr., tested the field at Cambria 
with diamond drills and started entries in 1889. The main line of 
the Bm-lington was extended into Wyoming, with a spur from New- 
castle to Cambria, and the first car of coal was loaded in December, 
1889, in which month 2,700 tons were shipped. 

The mines were opened by Kilpatrick Bros. & Collins and operated 
by them under the name of the Cambria Mining Co. until December 
31, 1902, when possession was transferred to the Cambria Coal Mining 
Co., which carried on operations during 1903. In February, 1904, 
the property went back to the original owners, who reincorporated 
as the Cambria Fuel Co. and are the present owners of the property. 

Cambria is the only place in the Black Hills where the Lakota coal 
has proved of workable thickness over more than a few acres. Here 
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it is workable through a considerable part of 12 square miles. Exten- 
sive mines are operated by the Cambria Fuel Co., the only producers 
and shippers in the Black Hills. 



MXHSS AVD MXTHOD OF MIKIVO. 



The coal near Cambria lies practically flat 200 to 300 feet below the 
surface of a plateau, which is deeply dissected by Camp and Coal 
canyons and their branches. It outcrops in the canyon walls 50 or 
60 feet above the bottoms so that the mines have plenty of tipple and 
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FiGiTBs 6.~£xtent Of mine worUngs at Gambria, Wyo. 

waste room. The coal bed in the Cambria mines varies normally 
from 3 to 10 feet in thickness, has a hard sandstone roof and floor, 
and is free from gas and water. 

On account of their separation by these canyons the different mining 
operations are considered as separate mines, as shown on the map 
(fig. 6). 

The Jumbo mine is situated on the east of Coal Canyon and extends 
through to the rim wall or escarpment on Salt Creek, a distance of 
3,400 feet. The north and south length of the mine is about 8,000 
feet. 

19963''— Bull. 490—12 3 
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North Opening is the name of the mine lying between the forks of 
Coal Canyon. Its main entry has been driven east to connect with 
the north workings of the Jumbo mine. 

Antelope mine No. 1 is between Camp and Coal canyons. Through 
it passes a tunnel 3,200 feet from portal to portal, by which Antelope 
No. 2 on the west side of Camp Canyon is reached. Haulage between 
the two mines is maintained over a 400-foot trestle about 85 feet 
high, which spans Camp Canyon. (See PI. lH, B, p. 18.) 

Antelope mine No. 2, which lies entirely west of Camp Canyon, has 
a length of about 6,800 feet and an average width of 2,000 feet. 

The main entry to Antelope mine No. 3 is about three-fourths of a 
mile northwest of Cambria on the west side of Camp Canyon, well 
toward its head. It is reached by a long tunnel driven from the main 
entry in Antelope No. 1. Camp Canyon is crossed by a trestle about 
a mile above that connecting Antelope Nos. 1 and 2. 

Antelope mine No. 4 is on the east side of the head of Camp Canyon 
and is the latest development. It is reported that the recent work in 
this mine has opened up a fine body of coal, and it is presumed that 
for the present work will be pushed in its direction. 

All haulage from Antelope mines Nos. 2, 3, and 4 is through Ante- 
lope No. 1, and delivery is made at a single tipple on the east side of 
Coal Canyon, over about 50 miles of 42-inch gauge track. Raik 
weighing 25 pounds to the yard are used in the main entries and 
16-pound rails in the side entries and rooms. 

The room-and-pillar method of mining is used, except in a few 
districts where the thinness of the bed makes the long-wall system 
more economical. Mining is done by subdistricts composed of a 
minimum of 10 rooms. After all the rooms in a subdistrict are 
worked out the inside pillars are drawn, leaving the chain pillars to 
protect entries. Early in the development of these mines the rooms 
were opened 40 feet wide, but this was found to be too great a width 
for safe working and 24 feet was adopted as giving the best results. 
The single-entry system is never used in these mines. 

The coal is all cut by machine, being too hard for hand mining. 
Nearly all of the underground work is done on the contract system, 
the men being paid a certain price per car, varied to suit the conditions 
of the work at each place. 

OHA&ACTB& OF THE BSD. 

The coal is hard bituminous, with bands of dull coal, locally called 
splint and cannel. In places the bed is solid coal, in others it is sepa- 
rated into two or three benches by clay or'sandstone partings. (See 
PI. IV.) The following sections show the thickness of the coal bed in 
five districts of the mines at Cambria as reported to the company by 
the secretary, L. T. WoUe, in 1908, and by E. H. Lawall, M. E., of 
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EXPLANATION 



Shale 



Sandstone 



Coal Impure or Bone Clay 

bony coed 

Nirmbers on right of sections ^ive thickness of coal 
Numbers on left of sections give thicluiess of waste 
Vertical scale linch = 5 feet 
LIST OF MINES AND PROSPECTS 
1-2. ALADDIN 7-9. HOLWELL 17-18. CAMP CANYON 27. GRANT CANYON 

3. BOLTON lO-n. SPENCER 19-22. ANTELOPE 2 ft 3 28-29. NEWCASTLE 

4. ROGERS 12-13. E. PLUM CR. 23. JUMBO 30. ROBBERS ROOST 

5. MILLER 14. SALT SPRING 24-2S. ANTELOPE 1 31. COAL CANYON 
8. MASON CR. 15-16. ANTELOPE 3 ft 4 28. MT. ZION 32-34. CHEYENNE R. 

SECTIONS OF COAL BEDS NEAR BLACK HILLS. 
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Wilkes-Barre, Pa., in 1902. WoUe's figures were obtained by compu- 
tation from area worked out and actual tonnage yielded and do not 
include splint that was '^ gobbed/' Lawall's figures are averages of 
the thickness of the bed as actually measured in the mine. Averaging 
all the measurements proportionally to the area of the respective 
mines gives an average thickness of about 5 feet for the bed as exposed 
in the underground workings. 

Average thickness of coal bed in Cambria mines. 



Mine. 



WoUe. 



Jumbo 

North opening.. 
•Antelope No. 1. 
Antelope No. 2. 
Antelope No. 3. 



Ft. in. 
6 8 
4 8 
4 2 
4 8 
4 2 



Lawan. 



I 



In some places in Antelope No. 3 and No. 4 the thickness of the 
bed is considerably above the average, as shown by the two following 
sections measured by W. E. Mouck, superintendent of the mines: 

Section of coal bed in fifth west entry ^ Antelope mine No. S. 

Ft. in. 
Coal, good (bituminoufl) 1 

Coal and sandstone 5 

Coal, cannel 2 8 

Coal, good 7 

Coal, splint, good 6 

Coal, ^wd 1 3 

Coal, splint, good 6 



6 11 



It is understood that in 1909 the company opened up in Antelope 
mine No. 4 an excellent body of coal, which is in some places 10 feet 
thick. (See PI. FV.) The section below gives the details of the bed 
as it commonly occurs in this mine: 

Section of coal bed in first east entry off main south entry y Antelope mine No. 4- 



Coal, 
Coal, 
Coal, 
Coal, 
Coal, 
Coal, 
Coal, 
Coal, 
Coal, 
Coal, 
Coal, 



good (bituminous). 

splint, good 

good 

splint, coarse 

good 

medium 

good 

medium 

good 

splint, good 

good 



Ft. In. 



6 
2 
4 
1 
6 
2 
8 
1 
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The thickness of the bed varies with the position of the floor, which 
is slightly wavy, and also with the thickness of the partings. This 
is shown at the head of Camp Canyon in entries on the east and west 
sides of the stream. 

SecHoTu of coal bed in Camp Canyon, 



Section. 


Etst. 


WflBL 


Coel 


3 

7 
3 S 


% 8 


Sftndflton^. ... 


4 


Coel - 


S 3 










5 10 


10 u 



The east section was measured about 180 feet from the entry, and 
the west section 200 feet from the entry. In driving the main entries 
in Antelope mine No. 3 to this entry from tiie west side of the canyon 
it was found that the 4-foot sandstone parting is only of very small 
lateral extent. 

In places in the Cambria mines the Lakota coal is so thin and bony 
that its mining is not at present profitable. Two sections measured 
6 feet apart in room 104 of No. 6 west in Antelope mine No. 2 are 
given below: 

Sections of coal bed in Antelope mine No, 2. 



Sandstone, white, soft, roof. 

Coal, bituminous, bright, 
solid 

Clay, drab, soft 

Coal, bony, very hard 

Coal, bituminous, bright.... 

Coal, bony, hard 

Coal, bright 

Sandstone floor. 



Ft. in. 

12 
4 
5 
8 
2 
1-2 

2 8 



Sandstone roof. , 

Sandstone, brown, carbonaceous. 

Coal and bone 

Coal, bituminous, bright 

Clay, drab, hard 

Bone 

Coal, bituminous, bright 

Gay 

Coal, bituminous, bright 

Bone and coal 

Sandstone floor. 



Ft. 



In. 

H 

10 

4 
5 
8 
10 

1 
2 
7 



4 2 



About 300 feet due west from room 104 the following section was 

measured: 

Section of coal bed at roll in Antelope mine No, ft. 

Sandstone roof . Ft. in. 

Bone with bright coal streaks 3 

Clay in lenses 0-2 

Coal, mostly bright, with bony streaks 7 

Clay, hard 4 

Coal, bright 4 

Bone 6 

Coal, bright 11 

Bone, with streaks of bright coal 12 

4 1 
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This section is on a roU which has an east-west strike and dips 50^ 
to 60^ S. Although the bed is thin here, it is possible that the roll 
has no great width and more workable coal lies beyond it. The bed 
at this point is mined by the long-wall method. 

The tiiickness and character of the coal bed in the Cambria mines 
is further illustrated by the following four sections measured by 
Frank W. DeWolf in different parts of the mines.* Section A was 
measured in room 6 off the third northwest entry in Antelope No. 3 
mine; section B, in room 9 off the eighth northwest entry in Jumbo 
mine; section C, in room 7 northwest in Antelope No. 1 mine; and 
section D, in room 14 in Antelope No. 1 mine. 



Sections of coal bed in the Cambria miney Cambria, Wyo. 



BMtiomA. 



Smdstone. 

Coal 

Coal, splint. 

Coal 

Coal, splint. 

Coal 

Coal, splint. 

Coal 

Coal, splint. 



Ft. In. 

2 

7 

6 

2 

1 10 

10 

6 

3 



SMtloaB. 



Shale, black. 
Coal (cannel?). 

Coal 

Coal, splint 

Coal 

Clay 

Coal 

Coal, splint 

Coal 

Goal, splint 

Coal 

Clay 

Coal 



6 


8 


Ft. 


in. 




2 




2 




7 




10 




IJ 




3 




6 


1 


2J 




3 




4 




2 


1 





SMtlOBC. 



Sandstone. 
Shale, black. 

Clay 

Bone 

Clay 

Coal 

Sulphur . 

Coal 

aay 

Coal 

Fireclay. 



Ft. 


to. 




4 


1 


6 




3 


1 




1 


6 




\ 


1 


2i 




3 


1 


81 



Totalcoal 4 7 



SeotloaD. 



Sandstone « 

Shale 

Bone^ 

Coal, splint. . 

aay 

Coal 

Fireclay. 

Totalcoal. 



Ft. in. 



3 

7 

2i 

1 

9 



5 6 

Analyses Nos. 1376, 1377, and 1571 (p. 53) represent samples taken 
during the process of testing this coal at St. Louis during the Louisiana 
Purchase Exposition. Nos. 1376 and 1377 represent the coal at the 
places where sections A, B, and C were measured, and No. 1571 repre- 
sents a carload shipped to the testing plant. Analyses 6790, 6792, 

1 Report on the operatkms of the ooal-testing plant of the United States Geologloal Sorvey at the Loolsl- 
ana Pinohase Bspoiltion: Frot Paper U. 8. Oeol. Survey No. 48, pt. 1, pp. ia»-140. 
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and 6793 were taken by the writer and represent different grades of 
coal from these mines. 

Mining has been discontinued where the bed is less than 3 feet 
thick, but drilling in advance of the breast has 'proved that under a 
considerable area as yet undeveloped the bed is from 4 to 8 feet thick. 

VnXAOB AVD Mm BQUIPMUrr.! 
By C. T. LupTON. 

POPULATION AND BUILDINGS. 

Cambria is a small village located in the bottom of the canyon of 
Little Oil Creek on a branch known as Coal Canyon. It is distinctly 
a mining camp, having been built up and developed by the Cambria 
Fuel Co. around the coal-mining plant. The population naturally 
consists entirely of officers and miners employed in coal minii^. 
Between 400 and 450 minerS; mostly foreigners, are constantly 
engaged at the mine and with their families make a population of 
about 1,400 persons. The Cambria Fuel Co. owns a large area of 
land in the vicinity and has complete control of the village and its 
surroundings. Besides its two-story office building, located at the 
forks of the canyon in the middle of the village, and the necessary 
mine houses, the company has constructed about 150 modest but 
substantial frame houses for the use of the miners. Most of th^e 
houses, together with two or three churches, are located in the bottom 
of the canyon. (See PI. V, B.) 

As the population increased, a Uttle settlement known as Antelope 
City was built, in 1892, on the plateau above the tipple at Cambria. 
This consists of 31 small frame houses and a large two-story school- 
house. The school children, by this arrangement, spend a greater 
part of the school days away from the noise and traffic of the main 
village and in the purer air of the plateau. 

The miners' houses are supphed with running water from a gravity 
system built by the company and are lighted with electricity. Many 
of them also are supphed with steam heat. 

The company owns and operates the only store in the village, and, 
through it, suppUes all the demands of miners and ranchmen in a 
radius of several miles for merchandise and provisions. By means of 
its large land holdings the company is able to prohibit the sale of 
Uquor at the mines, the near^t saloon being at Newcastle, about 8 
miles distant. Because of this arrangement, and also on account 
of the fair treatment accorded the miners, the company has had no 
trouble with strikes or other disturbances so common in mining towns. 

The mining company operates a large hotel for the benefit of those 
who prefer it to a separate residence or boarding house. It abo 

> Part of the information here presented is derived from the paper by ChenhaU, Urted on ptfe 6. 
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A. CAMBRIA FUEL CO.'S TIPPLE AT CAMBRIA. WYO. 



B. VIEW OF CAMBRIA. WYO. 
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maintains a small but well-equipped hospital (the only one in Weston 
County) in charge of a physician and a trained nurse. 

For the daily use and convenience of the miners the company also 
maintains a bathhouse fitted with a large nimiber of individual wash- 
bowls, with hot and cold water, shower and tub baths, and lockers. 
This feature of the mining camp is greatly appreciated by the men 
and may in part account for the pleasant relations between employ- 
ers and employees. 

BAnJiOAD FACiunss. 

Cambria is the northern terminus of a branch of what was for- 
merly known as the Burlington & Missouri River Railroad but is 
now the Chicago, Burlington & Quincy Railroad. The branch is 7.8 
miles long and connects Cambria with the main line at Newcastle. 
It is a single-track railroad biult along the valley bottom, with a 
necessarily heavy grade, which favors the loaded coal cars. All 
necessary yardage has been constructed at Cambria, so that suppHes 
are imloaded directly at the warehouse, and the loading tracks pass 
beneath the tipple. There is suflBcient room above the tipple for 50 
or 60 cars. 

WATER SUPPLY. 

Cambria derives an abundant supply of excellent water from 
Sweetwater Mountain, Mount Pisgah, and a deep well. 

Sweetwater Mountain, which hes 6 miles north of Cambria, is so 
named because its numerous springs are not alkaline. Water from 
several springs on the east side of the mountain is piped to a main 
line which carries it around the face of the escarpment on the west 
of Salt Creek to the Jumbo Tunnel at its eastern end, through the 
Jimibo mine, and into a large covered reservoir below the mouth 
of Grant Canyon. This lower reservoir constitutes the supply for 
the city of Newcastle. On emergency, the water can be turned 
into an upper reservoir and used for the boilers and the compressed- 
air cooler. 

Mount Pisgah is 4 miles northeast of Cambria, on the east side 
of the deep valley of Salt Creek. Curious as it may seem, there 
are a niunber of springs at the base of the Lakota sandstone close 
to the top of the mountain. The water from some of these springs 
is piped by gravity across the valley of Salt Creek and over the 
ridge at the road gap to Cambria, where it furnishes sufficient pres- 
sure for excellent fire protection. Water from this system is stored 
in an open cement-lined reservoir at the upper end of the village. 
The supply from this source is estimated from 30,000 to 40,000 
gallons daily. 

A well just above the tipple at Cambria was drilled to a depth 
of 2,345 feet and obtained a strong flow of water about 2,115 feet 
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below the surface, in the Pahasapa limeBtone. This water, whidi 
is of exceUent quality, rises under artesian head to within 500 feet 
of the surface uid is reported to yield at least 200 gallons a minute. 
In fact, it is said that in a test which lasted more than two hours 
the well was pumped at the rate of 225 gallons a minute without 
lowering the level of the water. 

A unique method of pumping, devised by the superintendent, 
W. E. Mouck, is used at this well. An 8>inch casing to 900 feet 
cuts off alkaUne water. Inside this is a 5|-inch (outside diameter) 
pipe extending down about 2,000 feet. This pii>e is carried above 
the surface to a tank situated on the hiUside 160 feet above the 
well mouth. A pipe 1 inch in diameter for about 1,200 feet and 
f inch for 480 feet more, with end turned up and opening reduced 
to f inch, carries compressed air about 1,700 feet below the mouth 
of the well, or about 1,200 feet below the surface of the water. This 
pipe enters the inside pipe at the well mouth with a tight joint 
When it is desired to fill the tank, compressed air is discharged 
through this small pipe with a pressure of from 700 to 800 pounds 
to the square inch. The result is that the water is discharged into 
the tank in a 5-inch column with considerable violence. The pres- 
sure of the water when the tank is full is between 63 and 73 pounds 
per square inch on the gages in the compressor room. This pressure 
is sufficient to furnish excellent fire protection for the mine buildings. 
Antelope City, which is situated on the plateau above, is supplied 
with running water from a tank, which is filled by steam pump from 
the lower tank on the hillside. 

The village is equipped with two hose carts which carry a large 
reel of 2J-inch hose, and, as described above, the gravity pressure 
in the pipe lines is sufficient to throw a strong stream. Besides the 
water system, the company buildings and the mines are supplied 
with several dozen portable chemical fu'e extinguishers. 

MBCHANICAL XQUIFMBNT. 

Workshops. — ^At the lower end of the village and along the west side 
of the railroad the company maintains substantial frame buildings for 
the power plant and for workshops. The latter are equipped not only 
for making all repairs needed at the mines, but also for constructing 
any special machinery that may be needed. Although the available 
land adjacent to the mine entries is small, the buildings are all located 
conveniently to the tipple, the mine entries, and the railroad track. 

Mining machinery. — ^The power plant at the Cambria mines in- 
cluded in 1908 a battery of nine boilers. This battery consists of 
three Heine boilers of 300 to 350, 375 to 425, and 425 to 525 horse- 
power capacity; three Drake, Wilson & Williams boilers and two 
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Kewanee boilers of 160 horsepower each ; and one marine boiler of 125 
horsepower capacity. This gives a total of 1,975 to 2,175 horsepower. 

The boilers are fed wiih fine slack and unmerchantable coal derived 
from the screens. They are fired by three shifts of six firemen each. 
Automatic^ stokers were used for a time but have been vdthdrawn 
because they were not so successful as hand firing. 

As the coal in the Cambria mines is too hard to cut by hand all 
mining is done by power machines. The system used is compressed 
air, and the mine plant is equipped with six compressors of the follow- 
ing make: One Ingersoll, 70 to 85 pounds pressure, made by the 
Ingersoll-Rand Co., New York; three "low pressure," 70 to 100 
pounds, made at South Norwalk, Conn.; and two "high pressure," 
750 to 1,000 pounds, made at South Norwalk, Conn. These com- 
pressors, which distribute compressed air throughout the mines by 
the usual piping system, operate coal cutters and drilling machines 
and also furnish power for air motors used in collecting cars from the 
rooms and making up trips. Nine Porter air motors are in use, 
seven of them in Antelope mine No. 3 and two in Antelope mine 
No. 2, as follows: Five 7-ton motors, one 15-ton, and three 5-ton. 

The company has seventeen H4 and seven G2 Ingersoll-Eand 
punchers in use in the mines, besides two Harrison punchers, twelve 
G2 pimchers, and three H4 punchers, that are not in use. The H4 
has proved to be the better machine for this hard coal. 

The coal is hauled from both the Antelope and the Jumbo mines by 
the tailrrope system. An engine located at the mouth of Antelope 
mine No. 1, which is close beside the tipple, has 500-horsepower 
capacity and operates a haulage system 1^ miles long. The engine, 
which is of the first motion clutch type, was built at the Ottumwa 
Iron Works, Iowa; the cylinders are 24 inches by 34 inches and the 
drum 5 feet in diameter and 5 feet wide between the flanges, which 
are 6^ feet in diameter. The capacity of the drums is 2^ miles of 
{-inch wire rope. The trips from this mine consist of 39 cars, each 
with a capacity of about 3,600 pounds of coal. 

At the Jumbo mine a haulage engine is located about 300 feet in 
from the entrance. It was built by the Nelsonville Foundry & 
Machine Co., of Nelsonville, Ohio, and may be described as a double- 
drum engine, geared five to one, with two cylinders 16 inches by 24 
inches, the drums being 6 feet in diameter and 2 feet 6 inches wide 
between the flanges, the latter being 12 inches deep, with a capacity 
for holding about IJ miles of 1-inch wire rope on each drum. The 
average trip consists of 20 trip cars, each weighing about 1,800 
pounds and containing about 4,000 pounds of coal. The trips are 
hauled by a steel-wire rope, 1 inch in diameter, of six 9-wire strands. 
A rope of this diameter with nine wires to the strand and the Lang lay 
has been found to give longer service than one with seven wires and 
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the regular lay. The main line takes the trip in to a distance of 
3,000 feet, the rope passing around a 6-foot bull wheel placed under 
the track. About 1,500 feet beyond this a second engine, located at 
the top of the second grade in the mine, takes the trip up the second 
grade, from which point the cars are distributed through tiie mine by 
horses and mules. The second system has about one-half mile of 
cable. The trips coming out from the mine are delivered by the 
rope at the beginning of the trestle and let down by gravity to the 
tipple. After being dumped, the cars run by gravity to the foot of 
the incline, from which point they are taken by the rope. 

The village of Cambria is lighted by electricity, and the mines have 
an electric signal system. The power is produced by 3 dynamos, as 
follows: One Edison 60 kilowatts of 125 volts; one Standard d3^naino 
of 110 volts, which furnishes the power for a telephone and signal 
system and electric lights in the diops and houses; and 1 Milwau- 
kee of 12^ kilowatts, 42 amperes, and 300 volts, which runs tb 
telpher. 

VerUHation. — ^The mines are free from gas or fire damp, and die 
need of a system of ventilation is mainly to remove the vitiated air. 
This is done by exhaust fans located at the main entrances. Fans 
20 feet in diameter equip each of the mines except the Antelope No. 
4, which has an 18-foot fan, and the Jumbo mine, which has a 25-foot 
fan. 

Tipple. — ^The coal from all of the mines is brought to a common 
tipple in Coal Canyon. (See PI. Y, A.) The mine cars are dumped 
by Mitchell tipples, and all of the coal is crushed and screened by 
plate and revolving screens. The slack, or that portion of the coal 
which goes through a iV'^^^h mesh, is carried by bdt conveyer to 
storage bins and sold to steam plants and used imder the boilers at 
the power plant. All other coal, or 85 per cent of the output, is 
shipped and used almost exclusively by the Chicago, Burlington ft 
Quincy Railroad on its locomotives. The coal is loaded into open 
railroad cars on three tracks and into box cars, with box-car loaders, 
on two others, there being five loading tracks in constant use. One 
of these loaders is of the Christy type and the other is a gravity loader 
used when there are doors or windows in the end of the car. Approxi- 
mately one-half of all the coal shipped from Cambria is sent out in 
box cars. 

OUTPUT, 

The output of coal from the mines at Cambria began with 2,985 
short tons in 1889 and increased to 542,649 tons in 1899. Since the 
latter date the production has gradually decreased to something over 
300,000 tons in 1908. The total production of the mines up to 
December 31, 1908, amounted to over 7,500,000 tons. 
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OPENING ON COAL AT MOUNT ZION RANCH, NEAR CAMBRIA, WYO. 
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HOUKT ZION. 

Southwest from Cambria the coal bed outcrops in the ravine at the 
Mount Zion ranch, in sec. 11, T. 45 N., R. 62 W. (See PL VI.) 

Section of coal bed at Mount Zion ranch. 

Ft In. 

Sandstone, white, maasive 12 

Coal, bituminous •. 2-6 

Sandstone, white, massive 3-4 

CJoal, bituminous 3 4 

Sandstone, gray, hard 6-20 

Coal, bituminous, ashy 2 

Sandstone, gray, massive 50 

The top bench is bright coal that has a splmtery fracture, breakmg 
in long, thin chips. The middle bench is solid, clean, bright coal, 
which works with a smooth, vertical face, but varies in thickness on 
account of sandstone partings. At the base of the bottom bench, 
which is a somewhat flaky coal and is apparently high in ash, a 
peculiar band is composed of a mass of irregularly disposed carbon- 
ized fibers resembling pine needles. 

The coal shown in the section given above is exposed in a 50-foot 
drift in the south wall of the ravine. A 30-foot drift in the opposite 
bank, driven on the middle bench, shows 40 to 42 inches of clean 
coal. South and west of this outcrop the coal bed is carried rapidly 
to a considerable depth by a sharp increase in the dip. 

LrrXLE OIL CREEK. 

From the mouth of Camp Canyon to Newcastle very little coal 
has been found. In the first draw on the west below the mouth of 
Grant Canyon a 100-foot drift by the roadside shows a thin coal bed 
between a massive white sandstone roof and floor. 

Section of coal bed below Orant Canyon. 

Ft. in. 

Shale, brown, with coal streaks 5 

Coal and shale, drab and brown 2 6 

Coal, bituminous 2-4 

Shale, cartxniaceous, and coal straaks 5-7 

Clay and iron and iron nodules 2 

Coal, bituminous 9 

Sandstone floor. 

This bed has a total thickness of about 20 inches and is believed 
to be the one mined at Cambria. No other coal was seen along the 
road, although the rocks are fairly well exposed. 

About 1 mile north of Newcastle, where the coal horizon is carried 
below water level, two measurements of the bed were obtained, 
showiiig 9 inches of bone on 6 of coal and 3 inches of bone on 3 of coal. 
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These sections and the fact that m the canyons on the east and west 
of this locality near Newcastle the coal horizon is represented by a 
small band of carbonaceous shale, indicate the nonworkable char- 
acter of the Lakota coal south of Cambria. 

ROBBEBSBOOST CANTON. 

At the head of Robbersroost Canyon a prospect, said to be in the 
NW. i NE. } sec. 9, T. 45 N., R. 61 W., is driven 40 feet west, just 
below the edge of the plateau. A section of the coal bed shows 4 
inches of bituminous, flaky coal on 10 inches of ashy coal or bone 
lying between massive sandstones. The writer is informed by others 
that the bed here consists of 18 inches of splinty coal and that ashes 
m the bed show that part of the coal has burned. His own obser- 
vations are as given above. In the stream 60 to 70 feet below' and 
at the base of a massive sandstone ledge there is about a foot of 
brown carbonaceous shale. Both of these exposures are about 50 
yards below a rock-rimmed pool 20 feet in diameter near the head 
of the canyon. The writer is uncertain as to which of these beds is 
the one mined at Cambria, but in either case it is evident that the 
Lakota sandstone does not carry coal of workable thickness in this 
part of the township. 

SALT CREEK. 

On account of the heavy talus from the overlying sandstones, the 
coal horizon along the west side of Salt Creek can be seen only rarely, 
and measurements are difficult to obtain, although the outcrop is 
long. The southernmost exposure of the Lakota coal bed examined 
in this district is 3 miles southeast of Newcastle at the first crossing 
on Salt Creek. A drift in the east bank is caved, but the following 
section was measured at the entry: 

Section of coal bed on Salt Creek. 

Ft. in. 

Sandstone, white, massive 10 

Sand, with carbonaceous streaks 6 

Sandstone, white, massive 2 

Clay, drab and gray 3 

Shale, brown, sandy, carbonaceous 2-6 

Shale, brown, with coal streaks 4 

Coal, bituminous, shaly, ashy 6 

Shale, brown, weathers gray 4 

Shale, brown, carbonaceous 4 

Clay, drab 6 

Shale, carbonaceous, fissile 2 

This drift must have been driven with the idea that coal of workable 
thickness and quality would be found under the hill and the project 
abandoned when the hope was not realized. 
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BDOEMONT. 

About 8 miles north of Edgemont in Coal Canyon, in or near sec. 
22, T. 7 S., R. 2 E., there are several prospects on the coal in the 
Lakota sandstone. (See fig. 7.) The largest of these is a drift about 
75 feet long driven in the east bank of the canyon well toward its 
head. A second entry joins the first about 60 feet from the mouth. 
At this junction a small fault, probably due to landslipping, prac- 
tically cuts out the coal. At the face of the prospect the bed shows 
signs of movement, but the coal is fresh and hard. The section 
under the massive white sandstone roof follows: 

Section of coal bed in Coal Canyon, 

iDotm. 

Bone with coaly streaks 3 

CJoal, bituminous * 2 

Clay, black 2 

Coal, bituminous 5 

Bone 2 

' Coal, bituminous 8 

Clay, carbonaceous 2 

Coii, very hard, splinty 9 



This prospect, according to Harry Snyder, who kindly guided the 
writer to it, was opened by Fred Anthony about 1893. The poor 
character of the bed and the extreme difficulty of gaining access to 
the bottom of the canyon at this point with a wagon explain why 
the prospect has not been developed further. 

On the west side of the canyon a few rods below Anthony's prospect 
a crooked drift has been driven about 300 feet in massive white sand- 
stone, following a thin carbonaceous band. At some i>oints the bed 
of carbonaceous shale, bone, and coal is nearly a foot thick, but the 
boae or shale predominates. Nowhere does the bed carry more than 
5 or 6 inches of bituminous coal. Between these two drifts two 
prospects show from 1 to 2 feet of carbonaceous shale with a band of 
coal up to 6 inches thick. A few rods farther down the canyon two 
or three prospects appear on the same coal horizon; one shows 3 feet 
of brown shale overlain by about 8 inches of coaly shale; another 
shows only brown shale. 

A prospect opened in the head of Bennett Canyon in the winter of 
1907-8 is reported to show about the same small amount of coal as 
in Coal Canyon. 

Three miles east of Edgemont, on the south side of Cheyenne River, 
under a ledge of massive buff Dakota sandstone, a large prospect 
drift is caved full, so that access can not be had. Black shale and a 
small amount of bony coal were found on the dump. An outcrop 
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near by shows that the bed consists of a few inches of black carbon- 
aceous shale resting on brown woody shale. 

Two miles farther east in the north part of sec. 11, T. 9. S., R. 3 E., 
and about 160 feet above Cheyenne River two drifts have been driven 
10 yards apart on a coal bed in the Lakota sandstone. There is at 
least 20 feet of massive sandstone below the coal and a few feet of 
shaly sandstone above. The drifts are caved and nothing was learned 




X Coal outcrop 
Figure 7.— Map showing location of coal near EdgomoDt, B. Dak. 

about the thickness of the bed. Probably it thinned or pinched out, 
for after a road was graded and a stone-loading platform built the 
project was abandoned. Most of the coal found on the dump is bony 
or composed of a mass of carbonized fibers. One lump of bright 
bituminous coal 6 inches thick was seen. 

On the north side of Cheyenne River, in the N. i sec. 13, T. 9 S., 
R. 3 E., two measurements of the Lakota coal were obtained about 
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60 feet above the river. The first of these is a natural exposure and 
the second is at the entrance of a small prospect drift about 50 feet 
away, which is nearly closed by caving. 



Sections of coal bed 6 miles east of Edgemont. 



Ft. In. 

Sandstone, gray, massive 20 

Shale, carbonaceous 10 

Sandstone, gray, massive 5 

Cannel or shaly bone 10 

Coal, bituminous 8 

Sandstone, gray, massive 1 3 

Shale, brown 1 8 

Coal, bituminous 5 

Shale, brown, sandy 1 2 

Sandstone, gray, massive 25 



Ft. 
20 



Sandstone, gray, massive 

Shale, carbonaceous 

Sandstone, carbonaceous 

Bone and bony coal 1 

Coal, bituminous 1 

Coal, bony 

Sandstone, gray, massive. 



In. 

2 
2 
2 
1 
11 



Neither the quantity nor quality of the coal in the prospect war- 
rants further development. 

The thickest bed of coal known in the vicinity of Edgemont is in 
the southernmost bend of Cheyenne Eiver 7 miles east of town. 
Here in the NW. \ NE. \ sec. 24, T. 9 N., R. 3 E., in the sandstone 
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FtovME 8.— Diagrammatic sectioa of coal bed exposed in bank of Cheyenne River, east of Edgemont, 

8. Dak. 

bluflF of the north river bank and but a few feet above water, two 
drifts have been driven about 30 feet apart. The main one is 10 feet 
wide and runs back under the massive sandstone roof at least 100 
feet. The bed exposed in this drift is from 44 to 54 inches of splint 
coal, Uke the splint in the Cambria mines and Uke the lower part of the 
bed at Aladdin. The middle of the bed shows a few inches of bright 
bituminous coal. The second drift shows 44 inches of splint coal, 
with two or three 1-inch seams of bright bituminous coal near the 
top. Within about 160 feet to the east the coal pinches down to a 
streak not over 2 inches thick, and in the opposite direction in about 
the same distance the coal disappears, and the position of the bed is 
marked by a few inches of coaly shale. Figure 8 shows the occurrence 
of this small pocket of coal as exposed in the river bluff. 
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EAST SIDE OF BLACK HILLS. 

The writer has no personal knowledge of any coal on the east side 
of the Black Hills. The only reference found is the following brief 
statement by J. E. Todd: * 

At probably the same horizon (Lakota), beds of coal a few inches thick have been 
discovered near Rapid City, Whitewood, and southwest of Minnekahta. The only 
chance of finding workable beds in such localities is the possible occurrence 6t ' 'pock- 
ets" of very limited extent. Such occurrence is extzemely improbable. 

OHABAOTEB OF THE COAL. 

PHYSICAL PROPERTIES. 

The United States Geological Survey recognizes six grades of coal- 
anthracite, semianthracite, semibituminouS; bituminous, subbitumin- 
ous, hgnite. Chemical analysis alone is not sufficient to separate aU 
these grades because every variation in composition occurs, from 
lignite, which is high in volatile matter, to anthracite, which is high 
in fixed carbon, and no sharp distinction between the different grades 
is possible. Physical character, as well as chemical, must be used to 
distinguish the grades. The effects of weathering furnish an impor- 
tant criterion for separating bituminous coal from subbituminous 
and lignite. Bituminous coal has a well-developed joint system, 
which is recognizable even on small fragments, and it does not disinte- 
grate readily. Subbituminous coal and lignite, however, on exposure 
to weather rapidly lose moisture, crack or check with irr^ular 
fracture, and quickly fall to pieces. High-grade lignite and low-^rade 
bituminous coal range between 9,500 to 12,000 British thermal units 
in unweathered air-dried samples. 

Practically all of the coal in the Black Hills has more or less pro- 
nounced prismatic cleavage, has a calorific value on air-dried sample 
above 10,000 British thermal units, does not check on exposure to 
the weather, and so must be classed as bituminous. The calorific 
value of these coals, however, is low on account of the high percentage 
of ash which some of them contain. (Calculated as pure coal free of 
ash and moisture, the British thermal imits in all are above 13,000.) 
The coal from certain benches at Cambria and at Holwell's shows 
more than 12,000 British thermal units in air-dried samples, and is 
therefore high-grade bituminous. 

In spite of the fact that coal in the Black Hills region occurs only 
in isolated patches of small extent, all beds, wherever found, have 
practically the same physical characteristics. Where the coal bed 
has a thickness of more than 2 feet it is usually divisible into benches 
of different grades, including bituminous, cannel, splint, and ''pine- 

1 Todd, J. £., liinaral resources of South Dakota; Bull. South Dakota QeoL Survey No. 3, 1902, p. 111. 
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VIEWS SHOWING PHYSICAL CHARACTERS OF DIFFERENT COALS. 
.4. Splint; Ji, bituminous; <.', "p'ne needle;" J), cannel. 
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needle" coal. YHiere thin the bed may be any one of these, and 
were thickest may contain all of them. (See PI. VII.) 

Bituminous coal is characterized by well-developed prismatic 
cleavage, by banded structure, and by an ability to withstand 
weathering. The banded structure is made by layers which are 
generally much less than an inch thick and which commonly measure 
from one-eighth inch down to mere films of alternating dull and 
bright glistening coal. Bitimiinous coal has a velvety luster and 
pitch-black color. It is not so brilliant nor so hard as anthracite. 

Cannel is a lusterless, compact, even-textured coal, which has 
conchoidal fracture, breaks in blocks, does not disintegrate readily on 
exposure, ignites quickly, and bums without melting. Its color is 
velvety to dull black. It does not smut the hands. Cannel prob- 
ably is formed from microscopic structureless algse, and owes its 
difference from ordinary bituminous coal to its different origin. 

Splint is used in this report to describe coal that is very hard, has 
dull luster, ignites with difficulty because of its impurity, and makes 
a large amoimt of ash. It resembles bony coal in appearance, but 
differs from bone in that it will bum. It may be homogeneous or 
contain laminae of bright bituminous coal. Splint is inclined to break 
in long thin slabs. It is supposed to be composed of finely com- 
minuted decomposed vegetable matter containing a considerable per- 
centage of silt. 

'' Pine-needle" coai, which is found at most of the principal open- 
ings, forms no great part of the bed, but is worthy of mention because 
of its pecuUarity. It consists of a mass of carbonized fibers resemb- 
ling pine needles embedded in bopy coal and containing more or less 
pyrite. The fibers are commonly oval and rarely round in cross 
section, from 1 to 3 or 4 inches long, and very elastic. They weather 
brown on the siu^ace but are brilliant jet black within. They 
ignite readily with a match and bum freely with a thick, black smoke. 
These fibers occur as a thin bed 1 to 2 inches thick or may be scat- 
tered more or less abundantly in.49plint coal. The extreme variety 
of this coal is composed almost entirely of fibers and when deeply 
weathered resembles loose peat. 

The name ''pine needle" has been used before and, as it is fairly 
descriptive, will be retained here. The coal, however, is probably 
not derived from pine needles, as these commonly have one flat side 
or are semicircular in cross section, whereas these fibers have round 
or oval cross section. Furthermore, in the process of alteration 
from vegetable matter to coal considerable reduction in volume 
takes place, and as the fibers are the size of pine needles they must 
originally have been much larger than any known leaves of the 

10968**— Bull. 499—12 4 
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Pinus family. This coal has been given considerable attention by 
Dr. Thiessen, of the National Museum, who has be^i unable to find 
any anatomical structure indicating that the vermicular bodies are 
eitlier stem, leaf, or root. On the contrary, he r^orts that they 
appear to consist of solid resin, which suggests that ihey may have, 
be^ the filling of large vessels in some type of stem. 



COKING QUALrriES. 

For 10 years or more coke was made at Cambria, Wyo. In 1891, 
24 beehive ovens were built and in 1895 this number was increased 
to 74. The ovens were operated chiefly to utilize the slack coal 
produced in mining operations. None of tliis slack was cleaned or 
washed before coking. Following are statistics of the production of 
coke at Cambria: 

Stati$tic$ of production of coke at Cambria, Wyo,, from 1891 to 1900} 



Coal need 
(short 
tons). 



CoksiMt>- 
duoed 
{abort 
tons). 



Total vsloe 
ofookeat 



Value ol 

ookeat 

OYOuper 

ton. 



Yield or 

ooalii 



1801. 
1802. 
1803. 
1804. 
1805. 
1806. 
1807. 
1808. 
1800. 
1000. 



4,470 

6,400 
8,685 
10,240 
41,088 
54,076 
35,384 
32,100 
32,460 



2,682 

2,016 
4,352 
4,895 
10,542 
24,007 
18,350 
15,630 
14,501 



18,046 

10,206 
15,232 
17,133 
58,626 
72,021 
64,225 
88,610 
48,503 



13.00 

3.50 
8.50 
8.50 
8.00 
3.00 
8.50 
2.46 
3.00 



Rtretm. 

m 


51 
50 
47.8 
47.6 
43.7 
5Lf 
4&7 
44.7 



> Mineral Reeoorces IT. S. for 1000, U. S. Oeol. Survey, 1001, p. 535. 

The coke ovens at Cambria are located on the valley bottom about 
one-fourth mile below the tipple and were charged with slack eoal 
brought from the tipple by narrow gauge tram to the top of the 
ovens. Three-ton charges were used for 48-hour firings and 5-ton 
charges for 72-hour firings. All coke produced was sold to smelters 
in the northern Black Hills; soon after the smelters dosed the pro- 
duction of coke at Cambria was stopped and the ovois have been 
idle since 1903. 

The coal produces a hard, compact coke, bright and metallic in 
color, and having high resistance to crushing load. It is suited for 
blast-furnace fuel, its only drawback being its high percentage id 
ash. For smelting precious metal it is espedally desirable if, as 
reported (p. 63), it contains appreciable percentages of gcAd and 
silver. 

The coking quality of coal can be determined with a fair degree 
of certainty by a simple physical test, called, from its discoverer. 



Digitized by VjOOQIC 



CORING QUALITIES. 51 

the Pishel test.^ On grinding finely in an agate mortar coking coal 
will adhere strongly to the mortar and pestle; noncoking coal will 
not adhere. This test, appUed to samples from the Cambria bed, 
shows that the bright bituminous coal has good coking quaUty but 
that the splint and cannel have not. Further testing shows that 
the bright jet-black bands of bituminous coal one-eighth to one- 
half inch thick found in the noncoking bituminous and splint coal 
adhere strongly to the mortar and have superior coking quaUties. 
From the fact that slack from the Cambria mines makes good coke, 
except that it is high in ash, and from the fact that tests show the 
coking quaUties of the bright bituminous coal to be superior to those 
of the other grades in the same bed, it is assiuned that a better 
grade of coke could be produced by sorting run-of-mine coal and 
selecting that best for coking. Omitting the cannel and splint 
would certainly lower the percentage of ash. 

An average of eight tests for ash in this coke is reported by the 
owners as giving 22.40 per cent. Probably the difference in specific 
gravity between the pure coal and the splint or cannel is not sufficient 
for thorough separation by washing or dry concentration. The price 
of coke would not warrant the expense of hand picking. 

Agate-mortar tests of the coal at Holwell's on Skull Creek show 
that the benches of bright bituminous coal probably will coke well, 
but that the splint and cannel alone would coke poorly if at all. 
By the same test it is concluded that the upper half of the main 
bed at Aladdin is coking coal, but that the lower half is not. An 
actual coking test of Aladdin run-of-mine coal finely crushed and 
fired for 27 hours in a coke oven at the St. Louis fuel-testing plant 
produced no coke.' This result probably was due to the noncoking 
ashy coal which constitutes the lower half of the bed and conse- 
quently formed about 50 per cent of the run-of-mine shipment. If 
the bright coal only should be tested in an oven, the writer beUeves 
a good grade of coke would be produced. For best results the coal 
should be finely crushed before delivery to the ovens. 

CHEMICAL PROPERTIES. 
SELECTION OF SAMPLES. 

During the operation of the Government fuel-testing plant at St. 
Louis, Mo., a car of run-of-mine coal was shipped from Aladdin under 
the direction of M. R. Campbell and two mine samples for chemical 
analysis were taken by him at working faces in the mine. Frank W. 

1 Practical test for coking coal: Eoon. Geology, vol. 3, No. 4, June-July, 1908, pp. 266-275. 
• Hotanet, J. A., Preliminary report on the operationa of the Itwl-teeting plant of the United States Oeo- 
logieal Sarvey at St. Louis, Ifo., IMS: BolL U. S. OeoL Survey, No. 200, 1906, p. 220. 
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DeWolf procured the shipment of a car of the commercial grade of 
engine coal produced at Cambria, which is a run-of-mine crushed snd 
screened over a ^inch screen, and also obtained two mine samples 
by making cuts from roof to floor of the bed. 

For the purpose of comparison and classification, the writer took 
separate samples at Aladdm, Holwell's, and Cambria of the different 
benches of the beds there developed. 

All of these samples were collected in a uniform manner in accord- 
ance with the following instructions for coal sampling: 

Select a clean face of coal and acroeo the bed from top to bottom cut a channel of 
sufficient depth to obtain 5 pounds of coal for each foot of bed, discard all partings 
more than one-fourth inch thick and lenses or concretions more than 2 inches in diame- 
ter and one-half inch in thickness. The material thus obtained should be caught upon 
canvas or oilcloth to exclude dirt and excess moisture. 

The sample thus obtained should be pulverized, in the mine if possible, imtil none 
of the fragments exceed one-half inch in diameter. The coal should then be mixed 
thoroughly and divided into four quarters, the two opposite discarded, and the remain- 
ing two mixed and quartered again. This process diould be continued until the final 
sample is reduced to about 1 quart, which is to be placed in a can, sealed air-ti^t, 
and sent to the laboratory for analysis. 

This method, used by aU members of the Survey in such woik, 
assiures uniform and fairly representative samples, and the sealing of 
the cans insures the coal reaching the laboratory practically imchanged 
as regards its moistiu^e content.^ 

COMPOSITION. 

The few analyses of Black Hills coal that have been made by the 
survey are given in the table on page 53. Four analyses of a single 
sample are given. The analysis of air-dried coal is more nearly rep- 
resentative of the coal as it reaches the consumer, as a considerable 
percentage of the moistiu^e is lost after mining. 

> For a detailed description of the methods employed in the chemical analysis of coals, see: Parktr, 
E. W., Hobnes, J. A., and Campbell, M. R., committee in charge, Report on the operations of the ooal- 
testtng plant of the United States Geological; Survey at the Lonistaoa Ptuchase Bxpodtloii, St. Louis* 
Mo., IVH: Prof. Paper U. 8. Oeol. Survey No. 48, pt. 1, 1900. 
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The analyses given in the table show that moistuTe in aiiwlried 
samples of Black Ilills coal ranges from 2 to 7.29 per c^it. One 
exception to this is a car sample from Aladdin which showed 12 per 
cent moisture, although four mine samples from the same place, 
which should naturally have been practicaUy the same, carried from 
* 4 to 7.29 per cent moisture. The writer suspects tiiat the air-dryiiig 
loss for No. 2278 should be 12.90 instead of 2.90. If this is the case, 
the analyses of the coal air-dried, dry, and pure should be recalculated. 

The Black Ilills coal is a high-volatile fuel, the average percentage 
of volatile matter nearly equaling that of fixed carbon. From the 
seventeen analyses of air-dried coal given in the table it is found 
that the usual amount of volatile matter is 37 per c^it for the field, 
and of the fixed carbon 39.34. The volatile matter ranges from 
24.21 to 44.27 per cent, these two extremes being in different benches 
of the same bed at Ilolwell's. A considerable part of the fuel value 
of coal is contained in the volatile matter. Hydrogen exceeds carbon 
in heat value, and thereby jaises the calorific value ot coal above that 
of the contained carbon alone. Coals which contain a large propor- 
tion of volatile matter ignite easily and bum with long, often sooty, 
flames. Steaming with a high-volatile coal involves considerable 
waste, as unless used in a specially constructed furnace or fire box 
the combustion of the gases is likely to take place in the stack and its 
energy be lost. 

Fixed carbon in these coals ranges from 34 to 45.6 per cent and 
averages 39.34 for the field. This is the principal fuel constitu^it 
and the most efficient of the heat-producing factors. Combustion 
takes place on the grate by chemical combination of the carbon with 
the oxygen of the air. 

Ash is by no means insignificant in the Black Hills coal. Hie 
analyses show quantities from less than 6 per cent to more than 37 
per cent. These extremes do not represent whole beds but kinds of 
coal, the former being a bench of the best bituminous and the latter a 
splint. Cannel coal in this field carries 23 to 27 per cent ash, while 
bituminous coking coal in an under or overlying bench of the same 
bed has only 6 to 8 per cent of ash. Being an inert constituent from 
a heating standpoint, so large a percentage of ash as some of the coal 
contains is very objectionable, both because ash clogs the grate and 
liinders free combustion of the coal and also because of the cost of 
transporting. The percentage of ash in the bed at Aladdin, according 
to three analyses of air-dried coal (1976, 1977, 2278) is neariy 14 per 
cent, although the better coal in the upper half of the bed has only 
about 6 per cent ash. At Cambria the ash seems to be over 22 per 
cent. This is shown by two analyses (1376, 1377) of samples from 
the whole bed, excluding clay partings, and by a car sample (1571). 
An analysis (6793) of the best coal from the Antelope mines, made 
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from a hand-selected sample from cars as delivered at the tipple, gives 
only 9 per cent ash in air-dried coal, but splint or poor coal selected 
the same way shows 26 per cent ash. Hauling nearly a ton of ash 
for every 4 tons of coal would seem to be very near the limit of profit- 
able transportation. 

In the ultimate analyses the elements determined are sulphur, 
hydrogen, carbon, nitrogen, and oxygen. These were determined in 
more than half of the samples in the above list. 

The presence of sulphur in coal is objectionable despite the fact 
that it is combustible and develops heat. Not only does it give an 
offensive odor on burning but it corrodes the metal parts of the fur- 
nace. In the manufacture of iron and steel and in other metalliferous 
processes sulphur in the coal has a detrimental effect. The percentage 
of sulphur in the Black Hills coal is about 2.79 at Holwell's, 4.7 at 
Cambria, and 6.84 at Aladdin. 

Hydrogen is in part combined with oxygen in the form of water and 
is therefore not heat producing. The remaining disposable hydrogen, 
being free to combine with oxygen on combustion, is a sounje of heat. 

Carbon, of course, is the principal fuel element. 

Nitrogen has no heat-producing power and lacks aflBnity for the 
other elements. 

The oxygen in the coal is so combined with other elements as to 
be nonproductive of heat, most of it being in combination with hy- 
drogen to form water. 

Calorific value, as shown by calories and British thermal units, 
furnishes the most satisfactory means of comparison that can be de- 
rived from laboratory tests. Eoiowing the heat value, the ash con- 
tent, and the physical character of a coal, a general estimate can be 
made of the adaptabiUty of a coal for different purposes. State- 
ments of the meaning of the values and of the method of obtaining 
them have been published elsewhere ^ and need not be repeated here. 
So far as shown by the analyses, for all of which the heat values were 
not determined, the bright coal at Cambria and at Holwell's is the 
best or highest in calorific value and the cannel coal is the lowest. 

TESTS. 
AT THE U. S. GEOLOGICAL SURVEY FUEL-TESTING PLANT. 

During the Louisiana Purchase Exposition and in subsequent 
months in 1904-5 the fuel- testing plant of the United States Geologi- 
cal Survey at St. Louis, Mo., conducted a series of tests on a consid- 
erable number of coals from numerous coal fields in the United States. 
Among these coals were three from the State of Wyoming: No. 1, 
Monarch coal from Sheridan; No. 2, Lakota coal from Cambria; and 

■ Piof. Paper U. S. OeoL Surrey No. 48, pt. 1, pp. 179-184. Voorhees, S. S., Methods of testing ooal: Proo. 
Am. Boo. Testing ICat, vol. 7, 1907, pp. 560-571 . BulL U. 8. Oeol. Survey No. 415, 1910, pp. 341-243. 
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No. 3, Lakota coal from Aladdin. Tlie results of these tests were 
published in Professional Paper 48 and Bulletins 261 and 290 of the 
United States Geological Survey. The main points ascertained are 
summarized and tabulated in tlie following pages. For furth^ de- 
tails reference should be made to the reports mentioned above. 

Steaming tuU. 



Fftoton In test. 



B. t u. per 



Heetlos Ytlue of ooal, 

pound dry coAl 

FMoe of draft: 

Under stack dimper.indi weter. . 

Above fire do 

Pumaoe temperature *F. . 

Dry ooal per square loot of grate sur- 

fMe per hour pounds.. 

Bqnhralent water evaporated per 
square loot of water-neating sur- 

ttee per hour ponnds. . 

Feroentace of rated bonepower of 

boiler developed pounds.. 

Water apparently evi^rated per 

pound of coal as fired pounds.. 

Water evqwrated from and at 212" F.: 
Perpoimdofcoal as fired .pounds. . 

Per pound of dry coal do. . . . 

Per pound of combustible, .do... . 
Bfflcleocy of boiler, including grata, 

percent 

Coal as fired: 

Per indicated horsepower hour, 

pounds 

Per electrical horwpower hour, 

pounds 

Dry ooal: 

Per indicated bonepower hour, 

pounds 

Per electrical hornpower hour, 
pounds 



Sheri. 



68 



.23 



asLw 

8.17 

88.8 

4.58 

6.47 
7.00 
l.W 

54.89 



4.01 
4.9Q 



Cambria. 



61 196 210 218 



10,807 

a40 
.14 



26.61 

8.18 

87.76 

4.41 

5.26 
5.92 
8.26 

62: 46 



4.77 
5.9 



10,888 

0l59 

.19 

1,960 

SSL 61 



2.88 

79.8 

4.88 

6.06 
6.27 
8.54 

56.61 

&00 
6.17 

4.51 
5.57 



11,261 

•.6B 

.20 

2,007 

2S.6fli 



3.15 
88.8 

&80 

&19 
6.84 
9.01 

68.66 

4.57 
5.64 

4.18 
5.10 



10,751 

aos 

• .06 
8,228 

82158 



8.56 

99.86 

4.72 

&56 
6.10 
8.30 

64.79 

5.09 
6.28 

4.64 
5.72 



211 212 



10,519 

a63 

.28 

1,917 

18.96 



2L89 
67.0 
6.12 

6.96 

7.04 
9.17 

64.63 

4.73 
5.84 

4.08 
4.96 



10,617 
0l46 
8,141 
a6w07 



8.15 

88.2 

4.96 

&81 
&73 
&89 

61.80 

4.87 
6.01 

4. 80 
6.19 



12,6a 



SBLi 

1» 

8L0 
kU 

&« 

4.81 
5uSI 

8.89 



a Foioed draft. h Natural and forced dnit 

Analyts of coal U9edfoT ^teaming tetU, 



Oonatltnents. -v 


Sheri- 
dan. 


Cambria. 


Aladdin. 


• 


68 


61 


116 


flO 


2U 


211 


SU 


» 


PBOXDCATB. 

Moisture 


21.81 
4a 56 
31.61 
0.02 


11.10 
85.56 

34.56 
18.77 


964 
84 76 

84.68 
20 93 


9.56 

16.76 
86.73 
18.97 


8.94 
85.90 
83.70 
2146 


15.12 
84.86 
88.82 

16.70 


18.60 
86.12 
84.07 
16.21 


19108 




36.68 




37.56 


Afb 


6.78 






Solphar 


100.00 
.68 

69.46 
4.90 

15.83 

1.30 

.81 

7.70 


100.00 
3.87 

58.16 
4.47 

11.07 
.84 
4.35 

21.11 


100.00 
4.82 

58.01 

4.88 

8.93 

.89 

4.78 

23.16 


100.00 
8.06 

6a 00 

4.30 

9.25 

.92 

4.37 
2a 96 


loaoo 

5.03 

57.06 

4.16 

8.80 

.87 

5.52 

28.57 


loaoo 

6.66 

66.73 

4.16 

ia77 

.88 

7.86 
19.67 


loaoo 

7.90 

66.44 

4.12 

ia72 

.82 

9.14 
ia76 


loaoo 

4.» 


ni.niCATB. 
Oarbona 


67.69 




4.M 


Oxygena 


1188 


Nitrogena 


.90 


fitailDhur.. 


LM 


Sa!.!:::::::::: :: 


188 







a Figured from car sample. 
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Coal eoTiaumed in produeer-goi tests in pounds per hour. 



Cambria (No. 16). 



Coal 

as 
find. 



ooaL 



Com- 
bus- 
ttbto. 



Cambria (No. 62). 



Coal 

as 
fired. 



sa 



Com- 
bus- 
tible. 



Aladdin (No. 60). 



Coal 

as 
find. 



S3. 



Com- 
bus- 
tible. 



I%pTOilUCtT, 

per eleotrical bonepoiwen 

Available for outside purposes . 

Developed at swltdiboard 

Per brake nonepower: 

Available fDr outside purposes . 

Developed at engine 

In pndmcer plant. 

Per electrical horsepower: 

Available for outside purposes . 

Developed at switchboard 

Per brake horsepower: 

Available for outside purposes . 

Developed at engine 

Avenge electrical horsepower 

Average B. t. u. gas, per cubic foot, 
Total ooal fired, pounds 



a. 18 
2.00 



1.86 
1.70 



2.40 
2L28 



2.11 

l.M 



1.W 
1.82 



1.68 
1.54 



125 
2L07 



1.02 
1.76 



1.52 
1.40 



1.80 
1.19 



1.74 
1.60 



1.48 
1.36 



2.28 
2.16 



1.08 
1.88 



140 
2.28 



2.06 

1.94 



2.06 
1.97 



1.77 
1.68 



2.20 
2.09 



1.87 
1.77 



1.59 
1.50 



1.35 
1.28 



1.68 
1.50 



1.43 

1.35 



2.05 
1.02 



1.74 
1.63 



2.19 
2.04 



1.86 
1.74 



1.78 
1.67 



1.52 
1.42 



1.90 

1.78 



1.62 
1.51 



201.2 
151 
12,100 



192.9 

146.6 

20,400 



193.1 
160.9 
17,400 



1.47 
1.87 



1.36 
1.17 



1.57 
1.46 



1.8S 
L24 



Analyses of coal used in producer-gas test and of gas produced 






ConsUtuents. 


CSambria. 


Alad- 
din. 




16 


62 


60 


Coal. 
Motetoie. 


9.44 
85.02 
84.82 
20.72 

3.91 

ia2i 

.50 
15.46 
ia79 
5.52 
67.48 


8.63 
86.81 
32.83 
21.73 

4.47 

10.8 


13.02 


y^^«fn« imit4>f' 


87.66 


Fixed carbon x. x..x ^^ 


84.05 


Ash 


16.37 


So^hor 


7.86 


Otfbon dioxide 


11.1 






Carbon monoxide 


18.2 
10.7 
3.3 
57.0 


19.8 


Hydrogen 


18.3 


Methane. 


8.5 


Nitrogen 


62.3 







Washing test. 

[Test 129, Wyoming No. 3 (Aladdin). Site as shipped, run of mine; size as used, crushed to 2 inches 

Jig used, Stewart modified.] 

Raw coal pounds.. 24,120 

Washed coal do.... 20,060 



Refuae do.... 4,000 

▲aalyies. 





Constituents. 


Test 129. 




Raw 
coal. 


Washed 
coaL 


Ifofstm^ - - 


16.12 
34.36 
38.82 
16.70 
6.66 


19.16 


Volatile matter 




Fixed carbon . . .,.-. . 




Ash 


6.62 




4.16 
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Coking int. 

[Test 52, WyiHning No. 3 (Aladdin), washed. Site as shipped, run of mine; aiie as used, finely oroshed. 

Duration of test, 27 houi8.| 

No coke produced. 

The following statements concerning the results of these tests were 
published in the report of the coal-testing plant: ^ 

The results obtained on the coal from Cambria are lower than thoee £rom the Sher- 
idan lignite, but this is due in large measure to the heavy percentage of ash that is 
carried by the Cambria coal. The recalculated analysis, in which the ash is thrown 
out, shows that the Cambria coal is superior to the other. 

Some briquetting tests were made on these samples, but they gave no promise of 
success in a commercial way. 

The beet results were obtained by using this coal (Cambria) in the producer^as 
plant. The results show that with the (Wyoming No. 2) Ounbria coal it required 
2.07 pounds of dry coal to produce one electrical horsepower hour, whereas when used 
in the steam plant it required 5.9 pounds of dry coal to produce the same result. It 
is probable that equally good or better results could have been obtained with Wyo- 
ming No. 1 (Sheridan coal at Monarch), since in general the quality of the gas improvee 
as one descends in the scale of quality of cod, the best results being obtained hem 
brown lignite. 

Of the results when Cambria coal was used in the gas-producer 
engine, the following was said:* 

WyomiDg No. 2 is a bitmninous coal. It burned without any clinkering, leaving 
a large amount of white ash similar to that obtained from wood. The gas was not uni- 
form in quality, on account of the difficulty experienced in keeping the bed in good 
condition, which made more or less trouble in securing the proper mixture of air and 
gas. There was also some slight trouble with the ignition setting. Sixty gallons of 
yellow tar were taken from the gas. 

laSCBLLANBOUS TESTS. 

The results of boiler tests of the Cambria coal made by the Cam- 
bria Fuel Co., at Cambria, Wyo., and by the Lincoln Traction Ca, 
Lincoln, Nebr., have been furnished by the respective companies and 
are given below for comparison with the results of the Government 
tests. 

1 rarker, E. W., Holmes, J. A., and Campbell, M. R., committee in cbaree, Report of the operatkxki e( 
the ooal-testing plant of the United States Geological Survey at the Louisiana Purahaae ExpoiitkB, 
St. Louis, Mo., 1004: Prof. Paper, U. S. Qeol. Survey No. 48, 1906, pt 1, p. 14L 

s Idem, pt. 3, p. 1314. 



Digitized by VjOOQIC 



TS8T8. 



61 



RemUs of evaporative teete oj Cambria coal. 
[Made by the Cambria Fuel Co., Cambria, Wyo.) 



Test made on 

Kind of fuel 

BJnd of furnace 

Water-beating surface square ieet . . 

1. Dateof^tel 1907.. 

2. Duration of trial bows.. 

3. Weight of ooal fired pounds. . 

4. TotS weight water fed to boUer. . .do. . . . 

5. Equivalent water evaporated from and 

at 212* P pounds.. 

6u Coal consumed per hour do.... 

7. Water evaporated per hour from and at 

212* F pounds. 

8. Equivalent evi^Mcation th>m and at 

212* F. persquarefootof water-beating 
surCace pounds.. 

9. Steam pcessure (gauge) pounds per 

square indi 

10. TemperatureofwaterenteringboUer.*F. 

11. Factor of evaporation tiom and at 212*F. 

12. Pleasure of blast under fumaoo, inches 

water 

13. Honepower developed 

14. Builder's rated honepower 

16. Per cent of builder's horsepower devel- 
oped 

16. Water apparently eviqwrated under act- 

ual oonditions per pound of coal as 
fired I>ounds. 

17. Equivalent evuMiration ftom and at 

212* per pouna of coal as fired.pounds. 



No. 6 boiler, Heine tubular. 

Splint and screenings 

Hand-fire grates. 

1,786.5 

June 22 

8 

11,260 

46,357 

66,211 

1,406 

6,901.4 



3.86 

99.7 

66.76 

1.191 

3 

200.4 

150 

133.6 



4.12 

4.91 



No. 8 boiler, Heine tubular. 

Splint and screenings. 

One 10-inch American stoker. 

1,009.5. 

June 21. 

& 

7,126. 

36,560. 

43.506. 
890. 

5,438.3. 



3.37. 

95.6. 

66. 

1.19. 

3. 

157.6. 

135. 

116. 



5.13. 
6.10. 



Non.— <1) Capacity obtained in excess of guarantee, 16 per cent; (2} economy obtained, stoker firing 
rer hand flring, in excess of guarantee, 22.4 per cent. Test made by Oordon L. Huchins, M. E. 



BcUer tests made by Lincoln Traction Co.^ Lincoln^ Nebr,^ on Cambria anek Weir-PiUsburg 

coals. 



Cambria, Wyo., coal. 



I 



Weir-Pittsburg, 
Kans.,coal. 



Date of trial 1904.. 

Doratioo of trial houn.. 

Baboock A Wilooz battery 

Weight of coal as fired. pounds.. 

To^Twei^t of water fed to boiler do.... 

Fketorofev^raration 

Equivalent water evaporated into steam fix>m and at 

212* F pounds.. 

Steam pfeesore by sage do.... 

Temperature of feed water • F . . 

Watw apparently evaporated under actual oondi- 

tkos per pouna of coal as fired .pounds.. 

Equivalent evaporatkni fttmi and at 212' F. per 

pound of ooal as fired pounds.. 

Total weight of ashes removed do 

Ash percent.. 

Cost of ooal per ton (delivered) 

Cost of ooal to evaporate l/XX) pounds of water 



Nov. 



23 
10 

No. 1-3-4 

37,845 

195,500 

1.1066 

216,340 
140 
155 

5.16 

5.72 



12.05 
80.179 



Nov. 25 

10 

No. 1-3-4 

48,000 

242,029 

1. 1191 

270,854 
140 
143 

5.04 

5.64 

8,837 

18 

82.06 

80.182 



Nov. 



30 
10 

No. 1-3-4 

45,850 

245,848 

1.1128 

273,579 
140 
149 

5.36 

5.96 

9,120 

20 

$2.05 

80.172 



Dec. 3 

10 

No. 1-3-4 

41,400 

273,390 

1.126 

307,837 
136 
135 

6.6 

7.43 

5,514 

13.3 

$2.35 

80.158 



Dec. 6 

10 

No. 1-2-4 

42,100 

265,200 

L1285 

299,278 
140 
133 

6.3 

7.1 

7.800 

18.6 

$2.35 

$0,165 
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A test made at the municipal pumping station, Hastings, Nebr., to 
determine the comparative efficiency and cost of several available 
coals showed best results with Cambria coal. The results of the 
tests, as sworn to by E. J. Peare and H. W. Main to the mayor and 
coimcil of Hastings, are given in the following table: 

Te$ts of different coals made at municipal ptanping station, Hastings, Nebr. 



Cambria, 
Wyo., 
steam. 



Sheridan, 
Wyo., 
lump. 



Bevier,Mo., 
steam. 



Rich HiU, Mo., 
mixture. 



Mncfaa- 
kinocky 
lova. 



Date W96. 

Strokes of pomp 

Water pumped gaUons. . 

Coal ooDsumed pounds.. 

Water pumped per pound of 

ooal gallons. 

Cost of pumping 100,000 



Aug. 13-15 

53,927 

970,686 

20,853 



Aug. 2^27 
40.508 
730,764 
25,047 



321 

$4715 



15. 



^ 



Aug. 28-29 
33,580 
604.440 
23,436 



15. .1 



Aug. 21-Scn>t. 2 

5i;704 

930,672 

30,600 

$4.70 



Sept. 3^ 

48. M4 

888.302 

32, SB 

2^ 

$4.90 



SUMMARY OF TESTS. 

The foregoing tests and analyses show somewhat conflicting results 
concerning the value and efficiency of the Black Hills coals when 
compared with competing coals. The high percentage of ash in Uue 
coal mined at Cambria and Aladdin is about coimterbalanced by 
the high percentage of moisture in that mined at Sheridan. When 
compared on a pure-coal basis (ash and moiBtiu*e free), the Black HiDs 
coal is superior, but if comparative producer-gas tests were available 
the Sheridan coal would undoubtedly be found more efficient. For 
steaming there is little preference between Black Hills and Sheridan 
coal. In the foregoing tables this is shown by a comparison of the 
number of pounds of water apparently evaporated per pound of 
coal as fired. It may be sunmiarized thus: 

Water evaporated per pound of coal fired. 

Poooda. 

Sheridan coal (1 test) 4. 58 

Cambria coal (average of 9 tests) 4. 89 

Aladdin coal (average of 3 tests) 5. 20 

The writer beUeves that the comparative value of coals competing 
with Cambria coal is fairly well expressed by T. J. Grier, superintend- 
ent of the Homestake Mining Co., Lead, S. Dak., who said, in writing 
of results obtained at the Homestake mine, which uses about 225 
tons of coal daily: **The coals weighed were Glenrock, Fetterman, 
Hanna, Cambria, Sheridan, and Monarch, and the results obtained 
did not seem to show any more difference in fuel value than would 
be made by a careful fireman as compared with one who was not so 
careful." Under these conditions where competing coals of different 
character have practically the same fuel value the factors deter- 
mining which shall be used are constancy of supply and cost per ton 
delivered. Freight rates affect cost very materially. 
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GOLD IN CAMBRIA COAL. 

An interesting feature about the Cambria coal is that it is said 
to be gold bearing. According to a verbal statement by W. E. 
Mouck, superintendent of the Cambria mineS; an assay made by the 
company's chemist of ashes from the boilw house showed $10 per ton 
and of the sandstone roof of the bed $2 per ton in gold. This unex- 
pected result led to further investigation; and soot from the furnace 
stack was assayed, with the result that it was found to contain $4 per 
ton in gold. The coal itself has shown from notliing up to $2 per ton 
in gold when the coal was selling for $1.50. In 1896, wlien coke made 
at Cambria was selling for $3.50 per ton, samples were taken from 31 
cars during a period of three weeks and were assayed by the com- 
pany's chemist. The samples from 31 cars of coke showed an average 
of $2.46 per ton in gold and $0.28 in silver. The following results of 
these assays were kindly furnished by the Cambria Fuel Co. : 

Gold and tilver assays of coke made from Cambria coal. 
[Values per ton.) 



Datt. 


Sample 
from Bur- 
lJlii£ton<fc 

Mfooari 
RiverR.R. 
car No. - 


aold.a 


Silver.* 


Total. 


1806 
July 1» 


3671 
3871 
3711 
3761 
3603 
2835 
3601 
3806 
3887 
4013 
3801 
3856 
3947 
3871 
3763 
3006 
1859 
3761 
3711 
3691 
3859 
8887 
3695 
4013 
3855 
3835 
3801 
4015 
3685 
3813 
3671 


82.00 
2.40 
2.00 
3.60 
2.40 
2.80 
3.20 
2.40 
2.00 
2.00 
2.00 
2.60 
3.60 
2.40 
2.00 
5.60 
3.20 
2.00 
2.00 
2.20 
2.00 
2.00 
2.20 
2.00 
2.00 
2.40 
2.00 
2.40 
2.00 
2.80 
2.20 


80.06 
.12 
.06 
.00 
.13 
.30 
.40 
.34 
.46 
.47 
.47 
.34 
.65 
.46 
.41 
.21 
.16 
.41 
.34 
.42 
.37 
.00 
.21 
.14 
.43 
.39 
.10 
.20 
.16 
.16 
.14 


12.08 


^S::: :: 


2. 52 


25 


2.08 


25 


3.60 


25 


2.53 


28 


3.10 


28 


3.60 


28. 


2.74 


28 


2.46 


28 


2.47 


28 


2.47 


28 


2.94 


28. 


4.25 


28 


2.86 


28 


2.41 


80 


5.81 


ao . 


3.36 


31 


2.41 


Aim. 3 


2.34 


^^ 3*: :;;:::::::::::::::::::::::..:.:::::::::: 


2.62 


a 


2.37 


5 


2.00 


5 


2.41 


5 


2.14 


6 


2.43 


« 


2.79 


g 


2.10 


8 


2.60 


8 


2.16 


8 


2.96 


8 


2.34 






Aventob (81 can) 




2.46 


.28 


2.74 







a Valued at 120 per ounce. 
Henry C. Beeler, chemist, Cambria, Wyo., August 8^ 1806. 



* Valued at 10.66 per ounce. 
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64 COAL NEAB BUkCK HILLS, WT0.-6. DAK. 

Smelters at Deadwood, S. Dak., which used the Cambria coke, must 
have profited by it, for they recovered not only the gold in their ores, 
but the gold from the coke also. 

Gold was found in some of the coal from the Jumbo mine and the 
Antelope mines 1 and 2. The distribution of the gold in the mmes 
was never determined. There is more gold in the splint and bony 
coal than in the best bituminous. It may be associated with pyrites^ 
which occurs commonly in the splint and "pine needle" coal. 

As there are no known dikes or veins within many miles of the 
coal mine at Cambria, the gold can not be explained as derived from 
such a source. That the gold was introduced in tlie quiet waters 
of the swamp, either in solution or as very fine particles in suspension, 
and deposited there by precipitation or by gravity is not impossible 
nor yet readily conceivable; first, because it is presumed that the water 
discharged into the swamp was comparatively fresh meteoric water 
and would not have dissolved gold; cecond, because drainage in 
and around a large swamp is very sluggish. Under such topographic 
conditions it is hardly probable that even fine gold would reach and 
be distributed in a large swamp. The most plausible explanation 
seems to be that the sands which submerged the swamp and now 
form the roof of the coal bed were derived in part from old gold- 
bearing alluvium. It was noted above that the sandstone roof carries 
some gold. Currents which transported the sand and the grit which 
occurs in some places a few feet above the coal certainly were strong 
enough to transport fine gold. While the sand was being deposited 
the gold may have worked down into the underlying bog and is now 
found in the coal. 

PROSPECTS FOB THE FXJTTJBB. 

From the evidence it seems to the writer that the acreage of coal 
near Cambria as yet untouched is sufficient to keep the mines there 
in operation for many years at the present rate of output. It is 
possible that a body of coal lai^e enough to warrant the opening of 
a mine may be found at the Holwell ranch, but this has not beoi 
proved and is seriously questioned; moreover, until a railroad is 
built down Skull Creek there is no reason for opening a mine at Hoi* 
well's, as there is no demand for coal in that region. At none of the 
other places between Aladdin and Edgemont where coal has been 
found did the writer see enough good coal to suggest that any of them 
would ever supply a tonnage worthy of record. It is possible that 
at some points coal may be taken for local ranch use, but that any 
of the localities besides Cambria will ever in future add to the State's 
record of coal produced and shipped is doubted. 
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PREFACE. 



By Alfbed H. Brooks. 



In 1895 the Geological Survey made a preliminary investigation of 
the coals along the Pacific seaboard of Alaska. The report* pub- 
lished on this subject was the first of a large number which deal 
primarily or incidentally with the coal deposits of the Territory. In 
1902 a systematic study was made of the coal resources of the Yukon.* 
This was followed in succeeding years by reconnaissance surveys 
of the coal resources of Admiralty Island,' in southeastern Alaska; 
of Kachemak Bay* (see^l. I), of Cape Lisbume,* in northwestern 
Alaska, and of the Cook Inlet* and Alaska Peninsula regions.^ In 
1910 a reconnaissance survey of the Nenana coal field • was com- 
pleted (PL I). Meanwhile the more valuable coal fields of Bering 
Kiver and Matanuska Valley had not been neglected. A preliminary 
examination of the Bering field was made in 1903* and of the Mata- 
nuska field m 1905*^ and 1906." 

The plan of the Survey's Alaskan investigations includes the de- 
tailed survey of the most important mining districts. It is beUeved 
that so long as there are large areas geologically almost unknown, 
the detailed surveys, which are expensive of execution, should not be 
carried on at the cost of too great a curtailment of the reconnaissance 
work. It is for this reason that the detailed surveys have not 
been advanced more rapidly. Because of its earlier discovery and 
greater accessibiUty the Bering field was surveyed in detail before the 
Matanuska River field. This survey was completed in 1906.*' In 

> Dan, W. H., Report on coal and lignite of Alaska: Seventeenth Ann. Rept. U. S. Oeol. Survey, pt 1, 
1896, pp. les^cs. 

• Collier, A. J., The ooal resources of the Yukon, Alaska: Bull. U. S. Oeol. Survey No. 218, 1903. 

» Wright, C. W., A reconnaissance of Admiralty Island: Bull. U. 8. GeoL Survey No. 287, 1907, pp. 151-154. 
4 stone, R. W., Coal fields of the Kachemak Bay region: Bull. U. S. Oeol. Survey No. 277, 1906, pp. 58-73. 
ft Collier, A. J., Geology and mineral resources of the Cape Lbbume region, Alaska: Bull. U. S. Geol. 
Survey No. 278. 1906. 

• Atwood, W. W., Mineral resources of southwestern Alaska: Bull. U. S. Geol. Survey No. 379, 1909, 
pp. 10^152. 

' Atwood, W. W., Geology and mineral resources of parts of Alaska Peninsula: Bull. U. S. QeoU Survey 
No. 467, 1911. 

• Capps, S. R., The Bonnifield region, Alaska: BuU. U. 8. Geol. Survey No. 501, 1912. 

• Martin, G. C, The petroleum fields of the Pacific coast of Alaska, with an account of the Bering River 
ooal depoitts: Bull. U. S. Geol. Survey No. 250, 1905. 

w Martin, G. C, A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U. S. Geol. Survey 
No. 289, 1906. 

u Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, 
Aladca: Bull. U. S. GeoL Survey No. 327. 1907. 

u Martin, G. C, Geology and mineral resources of the Controller Bay region, Alaska: Bull. IT. S. GeoL 
Survey No. 335, 1906. 
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8 THE LOWEB MATANUSKA VALL^EY, ALASKA. 

1909 the detailed base map of the Matanuska field was prepared, 
and in 1910 the geologic investigations, whose results are here set 
forth, were completed. This report forms the second of a series 
which will set forth the detailed geology of the Alaskan coal fields. 
The detailed work in any particular field, on which such a report is 
necessarily based, will not be undertaken until there is promise that 
the field will be developed in a large way. 

The detailed survey of the Matanuska field has fully justified its 
cost, if only from the fact that it has revealed a much larger area oi 
supposed coal-bearing formations than was previously known. Pre- 
vious to this survey the area underlain by supposed coal-bearing 
rocks was roughly estimated at about 50 square miles; now it is 
estimated to be at least 74 and possibly 98 square miles. (See p. 
76.) It has not been determined that all of this area contains work- 
able coal beds, but the survey indicates at least that the coal reserve 
in this field may be twice as large as previously estimated. In this 
connection it should be noted that coal is known to occur east of the 
field here discussed and the coal-bearing area may be considerabJj 
larger than is included in the above figures. 

The best of the bituminous coals of this field are of the same grft&ft 
as those of the Bering River field, but from the information at hand 
they seem to carry a larger percentage of fuels having coking 
quaUties. It was a part of the original plan to have this investiga- 
tion cover also the anthracite coal of the Matanuska Valley, but time 
did not permit. 

In comparing the commercial value of the Bering River and Mata- 
nuska fields, in the matter of distance to tidewater the first has a 
decided advantage, being only 60 miles from Cordova and 25 from 
Controller Bay (PI. I). On the other hand, the rocks in the b^t- 
known part of the Matanuska field seem to be less intricately folded 
than those of the Bering River field, a condition which makes for 
cheaper mining. Mr. Martin and Mr. Katz point out (pp. 94-95), to 
be sure, that the degree of folding in much of the Matanuska field 
must remain in a large measure unknown until more underground 
explorations have been made, but this is also true of the Bering Riv«r 
field. If the deformation of the Matanuska field proves to be less 
intense than that of the Bering River field, this advantage may be in 
a measure oflFset by the fact that mining in the Matanuska will be 
rendered more expensive because of the presence of considerable 
igneous rock, which is almost entirely absent from the other field. 
All this points to the necessity of careful and systematic prospecting 
of each coal tract before any large amount of money is expended on 
equipment. 
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GEOLOGY AND COAL FIELDS OF THE LOWER 
MATANUSKA VALLEY, ALASKA. 



By G. C. Martin and F. J. Katz. 



INTRODUCTION. 
LOCATION. 

The area described in this report covers about 200 square miles 
and is situated in the lower part of the Matanuska Valley, in the 
south-central part of Alaska. It is about 25 to 50 miles northeast 
of tidewater at the head of Cook Inlet and about 100 miles north of 
Seward, which is the nearest large town and the nearest ocean port. 
(See PI. I.) 

AOCOTTNT OF INVBSTiaATIONS. 

EXPLORATORY AND RECONNAISSANCE SURVEYS. 

The investigations which were made with the purpose of preparing 
this report were preceded by other surveys through which the general 
features of this district have already been made known and which 
have contributed in no small degree to the results presented below. 

The Matanuska Valley was traversed in 1898 by W. C. Mendenhall, 
who was attached as geologist to "military expedition No. 3'' in 
charge of Capt. Edwin F. Glenn, Twenty-fifth Infantry, United 
States Army. Mendenhall's explorations covered areas on the west 
shore of Prince WiUiam Sound and a route extending from Resur- 
rection Bay to the head of Tumagain Arm, thence by way of Glacier 
and Yukla Creeks to Knik Arm, up the Matanuska Valley to its head, 
and thence northward to the Tanana. Mendenhall's accoimt* of 
his explorations includes a description of the general geologic and 
geographic features, accompanied by a topographic map on the scale 
of 1 to 625,000. 

The coal of the lower Matanuska Valley was studied by G. C. 
Martin in a reconnaissance made in August, 1905. Martin's report^ 

1 Mendenhall, W. C, A reoonnalaaanoe from Resurrection Bay to the Tanana River, Alaska, in 1898: 
Twentieth Ann. Rept. U. B. Geol. Survey, pt. 7, 1900, pp. 266-340. 

s liartin, O. C, A reoonnalssanoe of the IfatanmVa coal field, Alaalca, in 1905: Bull. U. S. Qeol. Survey 
No. 280, 1906. 
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10 THE LOWER BCATANUSKA VALLEY, ATA8KA. 

includes a brief account of the geology and geography of the area 
covered by his work and a more extensive description of the coal, 
including detailed measurements of many coal beds and analyses of 
representative samples. 

This region was visited again in 1906 by a Geological Survey party 
which mapped; topographically and geologically, on the reconnai^ance 
scale (1 to 250,000); the entire Matanuska and Talkeetna valleys, as 
well as part of the mountains bordering the western edge of the Copper 
River basin north of the Matanuska Valley. This expedition, which 
was in charge of T. G. Gerdine, topographer, was accompanied by 
R. H. Sargent, topographer, and by Sidney Paige and Adolph Knopf, 
whose report * on the geology described for the first time an approxi- 
mately complete section of the Mesozoic and Tertiary rocks and was 
accompanied by a geologic map showing the areal distribution of the 
larger geologic imits. I 

DETAILED SURVEYS. • 

The detailed topographic map (PI. IV, in pocket), which was used ' 
as the base for the subsequent geologic surveys, was made by R. R J 
Sargent in 1909. | 

The detailed geologic investigations which are the chief haais of 
the discussion presented in the following pages were made in the 
summer of 1910 by G. C. Martin, geologist; F. J. Katz, assistant 
geologist; and Theodore Chapin, geologic field assistant. The party 
also included a cook and two packers. The field season extended 
from June 3 to September 11. 

aEMEBAL DESCBIPTION OF THE DISTBIOT. 
GEOGRAPHY. 

Matanuska River is tributary to Knik Arm, at the head of Cook 
Inlet. It rises on the western edge of the Copper River basin and 
flows between the Talkeetna Mountains on the north and the Chugach 
Moimtains on the south. The Matanuska is about 80 miles in length 
and has a drainage basin of about 1,000 square miles. Its fall in the 
part of its course included in the area here described in detail is about 
20 feet to the mile. This rapid fall gives it a swift current, because 
of which and of its being overloaded with sediment and consequently 
being in most places broken up into many shifting channels over an 
aggrading flood plain, it is not navigable. The fall is, however, so 
evenly distributed that there is no available water power. 

The principal tributaries of the Matanuska are Caribou Creek, 
Hicks Creek, Chickaloon River, and Kings River, of which the last 
two enter it within the area here described in detail. The other 

1 Paige, Sidney, and Knopf, Adolph, Geologic reoonnaiananoe in tlie Mataimflka and Talkeetna 
Alaalca: BuU. U. S. Geol. Survey No. 327, 1907. 
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GENERAL DESCRIPTION. 11 

tributaries which it receives in this area are Coal^ Carbon, Granite, 
Eska, and Moose creeks. It is a noteworthy fact that the larger 
tributaries of the Matanuska all enter it from the north. 

The Matanuska drainage basin may be divided into the mountain 
areas and the valley areas. The mountain areas include part of the 
Chugach Mountains south of the river and the Talkeetna Mountains 
north of it. (See PI. II, A.) The latter are divided by the valley of 
Chickaloon River into two topographically dissimilar parts which 
will be shown below to be geologically unlike. The mountains west 
of Chickaloon River are in general higher and more rugged than those 
to the east. The height of the summits is in general from 6,000 to 
8,000 feet west of Chickaloon River and from 5,000 to 7,000 feet east 
of it. The general altitude of the summits of that part of the Chugach 
Mountains which lies in the Matanuska drainage basin is from 7,000 
to 8,000 feet. 

The Matanuska Valley proper has a general width of about 6 miles 
between approximately parallel and fairly distinct moimtain fronts. 
Within it are roimded hills and gravel-covered flats, the former rising 
to elevations ranging between about 2,300 and 3,500 feet and the 
latter to about 1,200 feet, although small gravel-covered benches are 
present at the mouths of some of the tributary valleys at elevations 
as great as 2,200 feet. The streams occupy narrow valleys within 
this broader valley and some of these are box canyons. It is note- 
worthy that the Matanuska practically throughout its course is nearer 
the south than the north wall of the valley, in most places hugging 
the south wall. 

At Moose Creek the valley opens out into the Cook Inlet flats, a 
gravel-covered lowland in which the irregular hills and ridges rise to 
elevations in few places exceeding 200 or 300 feet. Between these 
hills are many marshy flats. 

CLIMATE^ 

The Matanuska Valley, lying as it does back from the ocean, has a 
climate more like that of the interior of Alaska than that of the coast. 
The summer temperatures are rather mild; the winters are severe. 
The precipitation is light, especially in the summer^ when, although 
cloudy days are not infrequent, there is sometimes only a few inches 
of rainfall during the whole summer. The snowfall is said to be 
moderate, a total of 3 or 4 feet usually acciunulating annually. 

The following table is a siunmary of observations kindly furnished 
by Mr. Frank Watson and published by Alfred H. Brooks.* 

1 Brooks, A. H., The Mount McKinley region, Alaska: Prot Paper U. 8. Oeol. Survey No. 70, 1911, pp. 
196-196. 
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THE LOWER MATANTJSKA VAIJJBY, ALASKA. 
Summary of meUorologioal oh$enHiiions at ChidxJoon. 





Tempenture (*F.). 


Days with pfedpita- 
tSon. 




Date. 


6 a.m. 


Noon. 


Oear 
days. 




Maxi. 

mum. 


Mini- 
mum. 


Mean. 


Mail- 


Mlni- 


Mean. 




1907. 

October 25-31 

November 


30 
34 
36 

20 
32 
30 
42 
50 
62 


10 

- 8 
-30 

-26 
-21 

- 3 
8 

32 
44 


27 
15 

8 

8 
10 
18 
20 
42 
52 


42 
40 
32 

30 
46 
43 
52 
64 
78 


17 

8 

-28 

-15 
- 6 
10 
36 
46 
50 


32 
15 
10 

16 
36 
32 
44 
55 
61 


3(anow) 

4 (snow and lain) 

3(anow) 


I 
U 


December 


u 


1908. 
Jaimfiry 


8 (snow) 


u 


Febn^ary ... ... 


5 ^snow'and rain) 

7 (snow) 


14 


M ftrnh , ; 


U 


April 


4(8now3 


3D 


May!.....:::::.::.:. 


3 (rain) 


14 


June 1-25 •. 


0..™.....:::::::::::: 


13 









Monthiy tnow/aU at Ckickaloon. 

October, 1907 9f 

November, 1907 13| 

December, 1907 9^ 

January, 1908 23f 

February, 1908 8f 

March, 1908 90 

April, 1908 4J 

99} 
March 23, 1908, 3 feet 4 inches of enow on the level; April 14, 1908, 2 feet 6 incheB 
of snow on the level. 

The United States Weather Bureau has courteously supplied the 
observations made by H. H. Hicks at Chickaloon during the period 
from March, 1910, to March, 1911. They are summarized in the 
following table: 

Summary of meteorological record at Chickaloon^ Alaska, liarchf 1910-Martk, 19U. 



Months. 



1910. 

March 

April 

May 

June 

July 

August 

September. . 

October 

November... 
December... 

1011. 

January 

February 

March 



Temperature (•F.). 



32.3 
40.1 
58.2 
62.2 
69.1 
67.1 
59.4 
38.7 
22.8 
15.5 



12.3 
24.2 
26.4 



d 

2i 



20.3 
15.2 
31.6 
39.1 
45.2 
4a2 
34.4 
20.9 

6.6 





-6.2 
3.1 
1.7 



26.3 
27.7 
44.0 
50.7 
57.2 
53.7 
46.9 
29.8 
14.7 
7.8 



3.6 
13.7 
14.1 



-12 

- 8 
24 
26 
38 
30 
21 

- 7 

- 5 
-25 



-33 

-28 
-27 



L 



0.08 
.20 
.12 

1.19 

1.42 
.49 

1.46 
.71 
.27 
.51 



.84 
2.47 
1.16 



Snow (Inches). 



6 

6.6 





§1 
52 



30 



-5 

si 



8 
I 
f 

II 
U 

s 

19 
13 
9 
U 
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GENERAL DESCRIPTION. 13 

VEGETATION. 

Timber line in this area is at a general elevation of 2,000 to 2,500 
feet, above which there is the customary growth of small bushes, 
mos8| and grass. The trees include spruce, birch, and several kinds 
of Cottonwood. The growth is in general not dense. Most of the 
spruce trees are under 12 inches in diameter, the largest one which 
the writers noted having a circumference of 5 feet. The timber is 
probably sufficient for any local demands that can now be foreseen, 
provided that forest fires, which the dry climate favors, are kept 
under control. There is no timber suitable for export. 

The more open birch forests, as well as the areas which have lately 
been burned, are covered with a dense growth of grass. These nat- 
ural meadows are large enough to furnish feed for whatever stock 
is likely to be locally needed. 

ACCESSIBILITY. 

The Matanuska Valley is at present reached from Emk, which is 
the head of navigation on Cook Inlet and to which vessels of shallow 
draft can go at high tide. Near the lower end of Knik Arm there 
is a good anchorage, which ocean-going vessels can reach at any 
stage of the tide except during the winter, when the whole upper 
part of Cook Inlet is frozen. 

There is a good horse trail from Knik to the upper end of Mata- 
nuska Valley, and the character of the groimd and of the vegetation 
is such that this trail could be made into a wagon road at compara- 
tively slight expense. It takes horses from one to two days to reach 
Moose Creek, depending on the load, and from a day to a day and a 
half to go from Moose Creek to Chickaloon River. 

At present freight can not be taken in while Cook Inlet is frozen, 
which is usually from October 15 to May 15, and passengers can 
reach the r^on during the winter only by going in from Seward 
with sleds. 

The Alaska Northern Railroad, which is now completed from Sew- 
ard to Kern Creek, on the north shore of Tumagain Arm, a distance 
of 72 miles, is intended to reach Matanuska Valley, to which sur- 
veys have been made; some construction work has been done between 
Kern Creek and Knik Arm. According to the present surveys it will 
be about 150 miles from Seward to Chickaloon River. TVTien this 
road is completed the Matanuska Valley will be easily accessible 
at any time of the year. 
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14 THE LOWER MATANUSKA VAL1.EY, ALASKA. 

CX)MMEBOIAL DEVELOPMENT. 

The present interest in this r^on lies chiefly in the coal fields. 
One of the purposes of the railroad was the development of these 
coal fields and until they are developed there will probably not be 
sufficient freight to justify the completion of the road. 

The only present inhabitants of the Matanuska Valley are men who 
are interested in the coal. The town of Knik, although dependent 
partly for its support on the prospectors in the coal fields, is also the 
local shipping and supply point for the gold fields on Willow Creek. 
The latter are at present the chief support of the town. 

OX7TLINE OF THE OEOLOOY OF THE HATANUSKA VALI;BT. 
GENERAL FEATURES. 

The Matanuska drainage basin and the region immediately con- 
tiguous to it may be divided into three moimtainous and three low- 
land provinces. The major areal division is that by Matanuska 
River, into the Chugach Mountains south of the river and the Tal- 
keetna Mountains north of it. The Talkeetna Mountains are divided 
by the valley of Chickaloon River into two physiographically 
and geologically dissimilar parts. The three lowland provinces are 
(1) the valley of the Matanuska from its source to the point where 
it emerges from between the Chugach and Talkeetna mountains, (2) 
the lower Matanuska and Knik Arm flats, and (3) the Copper River 
Plateau, on the western margin of which Matanuska River has its 
source. 

West of Chickaloon River the Talkeetna Moimtains are probably 
composed chiefly of granite, although metamorphic rocks are known 
to be present. East of the Chickaloon the Talkeetna Mountains are 
made up of Jurassic sediments, overlain in parts of the area by late 
Tertiary volcanic rocks. The geology of that part of the Chugach 
Mountains which lies within this region is practically unknown, but 
the rocks are probably chiefly crystalline and largely metamorphic. 

The less mountainous area adjacent to Matanuska River contains 
mainly Tertiary and Mesozoic sediments. The area described in 
detail in this report lies chiefly within this province. 

The Knik Arm flats and the Copper River plateau are covered with 
Quaternary gravels and the nature of the underlying rocks is unknown. 
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The accompanying geologic map (PL HI, in pocket) shows the 
areal distribution of the rocks throughout the Matanuska VaUey. 
The general stratigraphic sequence is given in the following table: 

Stratigraphic sequence in the Matanutka Valley. 



A«e. 


Lithologic character. 


Thickness 
(feet). 


QtMttmary. 


AUnvium. 
Terrace gravels. 
Morainio deposits. 






PUooene (T). 


Bamltto lavaff, brercias, and tufff . . ,, 


800+ 










Miocene (r). 


Eska coDKlinnerate 


2,500 


Tertiary. 








Kocene. 


Chickaloon formation; a shall* and sandstone, coal bearing. . . . 
Arkose, conglomerate, and shale 


2.000± 
2,000d: 








Upper Cretaceous. 


W)<^l* and windfftone. ... 


4,500d: 








Lower Cretaceous. 


Limestone " 


300+ 








Upper Jurassic. 


Rhale, sandHone, i"id c<>ngioTn<»faU* 


2,000± 






Middle Jurassic. 




i,ooo± 










Andesitic greenstone, tufEs, agglomerates, and breccias; rhyo- 
lites, daStes, and tn«« . , TT. , 


1,000+ 








SariyMesosoic or older. 


Graywadces, slates, basaltic greenstones, and rhyolites and tuffs 


(?) 


Paleoaoic 


Mica schists and other schistoee and gnelssic rocks. 


(?) 











a Carries Kenat flora. 



MICA SCHISTS. 



Mica schists form a narrow belt, not over 3 miles wide, near the 
head of Willow Creek. This belt has an east-west direction, is not 
known to extend farther east than Little Susitna River, and dis- 
appears westward beneath the gravel floor of Susitna Valley. 

These schists include gametiferous mica schists and chlorite-albite 
schists. They are thoroughly foliated rocks of medium grain and 
show in general no variations in appearance. 

The strike of the schistosity varies from N. 45^ E. to N. 60^ W. 
The dips average near 40^ but are inclined on both sides of the vertical 
Fossils have not been obtained in these rocks, nor is their occurrence 
likely. On account of the thorough metamorphism it has imdergone, 
which considerably exceeds that of any of the rocks presently to be 
described, this formation is regarded as representing the oldest rocks 
of the region. Its members show a petrographic similarity to the 
mica schists of the Yukon-Tanana r^ion, and a possible correlation 
with the pre-Ordovician of that region is suggested. 
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16 THE LOWER MATANUSKA VALIjEY, ALASKA. 

aBATWACKES AND SLATES OP THE KNIK BIYER REGION.^ 

The rocks on the south side of Knik Ann and in the valley of Knik 
River consist largely of graywackes, slates, and phyllites, with some 
greenstones, rhyolites, and tuffs. The general strike of the series 
(N. 60^ E.) tends to carry them eastward approximately parallel to 
the course of Matanuska River. Their occurrence farther east is 
indicated by the fact that the moraine of the great glacier at the head 
of Knik Valley is composed exclusively of graywacke and slate. 

The graywackes are highly indurated rocks, whose most conspicu- 
ous feature to the unaided eye is the unusual abundance of smaU 
angular slate fragments. They are dark bluish gray and at some 
places are not easily distinguishable from basic volcanic rocks. Tlie 
graywackes are roughly schistose and pass by increasing fineness of 
grain into graywacke slates and highly cleaved clay slates. Locally 
the slates assume a schistose foliation, become glossy, and pass into 
phyllites. At Knik Glacier they are affected by sUp-strain cleavage 
and are acutely crumpled and contorted. The interbedded gray- 
wacke, however, has been rendered only roughly schistose. Quartz 
stringers are very abundant in the slates and graywackes and at places 
form an intricate network of small veins, averaging about an inch in 
thickness. Mineralization of the quartz is not visible to the eye. 

Near the mouth of E^nik River a great volimie of greenstone toffs, 
estimated as probably 1,500 feet thick, was found associated with 
the graywackes. They are dense, fine-grained rocks of green color, 
conspicuous on accoimt of the numerous angular fragments of black 
slate which they inclose. 

The massive greenstones are, as a rule, nonporphyritic rocks of 
aphanitic texture. The original structure is in places obscured by 
abimdant developments of secondary minerals, such as light-^reen 
hornblende, chlorite, and epidote, but remnants of ophitic or closely 
allied textures are sufficiently well preserved to leave no doubt as 
to the original character of the rock. 

Rhyolites and their tuffs are associated with slates at a locality 
halfway up Knik River. The acidic volcanic rocks are of felsitic 
habit and include flow-banded types and porphyritic phases with 
inconspicuous quartz phenocrysts. A rude schistosity has been im- 
pressed on them. 

The tuffs accompanying the rhyolites, Hke the greenstone tuffs, 
are remarkable for the abundance of small, angular slate fragments 
which they include. Microscopic study indicates that the rhyolite 
tuffs grade into graywackes. A transitional type is represented by 
a rock in which glassy quartzes and white feldspars are studded in 
porphyritic fashion in a dense greenish matrix. 

1 These rocks have not been studied by the aathora of this report, and the desoription hen gtreois an 
abstract of that by Paige and Knopf (BuU. U. S. Geol. Survey No. 327, 1907, pp. 13-1«). 
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The general petrography of the rocks of the Knik region proves 
that the graywackes were derived largely from the destruction of a 
granitic rock, probably, as the inclusions in the greenstone tuff show, 
of quartz diorite character. 

The various rock types — graywackes, greenstone tuffs, and rhyo- 
lite tuffs — are characterized by the presence of numerous small, 
angular slate fragments. Metamorphism has not proceeded far 
enough to mask the clastic origin of the typical members, nor to 
cause a marked development of new minerals. 

The cleavage of these rocks is parallel to the bedding. The strike, 
which is N. 60^ E. at the mouth of Knik River, gradually swings 
around to the north as the Knik is ascended and becomes N. 10° E. 
at Knik Glacier. This change of strike in the strata coincides in a 
general way with the change in the axial trend of the Chugach Moun- 
tains, which in this region make a great bend to the south and con- 
tinue into Kenai Peninsula as the Kenai Mountains. The dips are 
usually high, ranging from 40® to 90®. Structurally the series pre- 
sents a monoclinal succession of steeply dipping strata, which is 
undoubtedly due to repetition by close foldmg. 

No fossils have yet been foimd in these rocks, so that only tenta- 
tive conclusions regarding their age can be drawn. The slates and 
graywackes of the region under discussion are more highly meta- 
morphosed than the shales and sandstones in the adjoining Matanuska 
region. As the latter are shown by their marine fauna to be in part 
Lower Jurassic, an age probably earlier than that is indicated for 
the slates and graywackes. From a similar line of evidence in the 
Kachemak Bay region Moffit * has regarded the Sunrise "series" of 
Kenai Peninsula, with which these rocks are probably to be corre- 
lated, as of pre-Jurassic and probably Paleozoic age. 

LOWER JURASSIC ROOKS. 

The oldest rocks of this region of which the age has been definitely 
determined are Lower Jurassic volcanic beds. These occur in small 
areas within the area shown on the detailed geologic map (PI. V, in 
pocket), and such occurrences are described fully below. They also 
cover large areas near the headwaters of Matanuska and Chickaloon 
rivers, where they were studied by Paige and Knopf,* who referred 
them to the lower Middle Jurassic. The following paragraphs are 
abstracted from their description of these rocks: 
^ The Lower Jurassic rocks comprise andesitic greenstones, quartz 
porphyries, and tuffaceous sandstones. The greenstones constitute 

I Mofflt, F. H., Gold fields of the Tumagain Ann region: BuU. U. 8. Qeol. Survey No. 277, 1906, p. 1«. 
* Paige, Sidney, and Knopf, Adolph, Geologic reconnaissanoe in tlie Matanuska and Talkeetna basins, 
Alaska: Bull. U. 8. OeoL Survey No. 327, 1007, pp. 1&-17. 
W49^— BuU. 500—12 2 
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the most characteristic member and attain a wide distribution, 
especially in the interior of the Talkeetna Momitains. 

The great bulk of the greenstones is largely in the form of stratified 
breccias in which angular fragments of dark-blue porphyritic rock, 
varying in size from pieces of microscopic dimensions to blocks 
several feet in diameter, are inclosed in a matrix of green color. 
This contrast of colors, which serves to emphasize the breccia char- 
acter of the rock, is due to the fact that the matrix is abundantly 
changed into the green mineral chlorite, whereas the large angular 
fragments, being of a dense, fine^ained texture, have in places 
withstood alteration more thoroughly. With the breccias are int«- 
calated sheets of amygdaloids, porphyries, and flow breccias. In 
many places .the amygdaloids are studded with numerous large 
amygdules of chalcedony, quartz, calcite, chlorite, or zeolite. 

A prominent feature of the greenstones is the great amount of 
shattering and slickensiding which they exhibit. Where this inter- 
nal movement has been of a more regular character a rude schistositr 
has been impressed on them. Extensive pyritization of a diflFuse<f 
character was noted at several localities, but a thin irregular seam* 
ing with calcite appears to be the most usual form of mineralizatioD. 

Petrographically the greenstones are prevailingly andesitic and 
more or less completely chloritized. Examples more basic than 
andesite appear to be rare and were noted only on Boulder Creek 
about 7 miles from its mouth, where greenstones displaying colum- 
nar structure make up the north wall of the valley. These prove to 
be diabase porphyries. 

Here and there the thickness of the greenstones exceeds 1,000 feet. 
The tuflfs locally contain fragments of lignite, and at the east end of 
Sheep Moimtain, in the upper Matanuska Valley, they cany marine 
shells in a fine state of preservation. 

Various rhyolites and dacites, including their tuffs, are associated 
with the greenstones. These rocks are widely distributed in the 
interior of the Talkeetna Moimtains. The rhyolites are generally 
flinty looking rocks containing glassy phenocrysts, but also include 
some distinctly flow-banded phases. Devitrification is common in the 
rhyoUtes. Some of the dacites resemble the rhyoUtes in appearance, 
but others possess a greenstone habit. These acidic lavas appear 
to have been erupted either during or soon after the period of the 
andesitic extrusions, as they contain included fragments of micioUtic 
andesite. 

During the extravasation of the rhyolites conditions were not uni- 
form over the province. While lavas were acciunulating in some 
portions of the region sedimentation was progressing in others. On 
the divide between Hicks and Boulder creeks a white stratum 20 
feet thick is prominent. It proves to be a feldspathic saadateoO) 
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with some irregular thin white bands, about a quarter of an inch 
thick, scattered through it. The microscope shows that these bands 
are composed of microspherulitic particles and fragments of devitri- 
fied rhyoUte, with fine flow structure, indicating that showers of 
rhyolitic material were prevalent during this portion of the Lower 
Jurassic epoch. 

OBANmO BOCKS. 

Granitic rocks of granite, quartz diorite, and quartz monzonite 
habit and for the most part of moderately coarse granitoid texture, 
though locally foliated, occupy most of the mountain province north 
of Matanuska River and west of Chickaloon River. These rocks are 
thus geographically restricted save for a small mass on Sheep Moimtain 
which has been r^arded by Paige and Knopf ^ as equivalent to the 
granitic rocks here discussed. Much of the rugged interior of the 
Talkeetna Mountains remains unexplored, but such evidence as is 
available indicates that the great central area consists largely of 
granitic rocks. The morainal material brought down by the glaciers 
from the remote recesses of the range and the gravels of the streams 
heading in the mountainous interior consist prevailingly of granitic 
material. 

A considerable variety of rock types is found, but quartz diorites 
appear to predominate. A quartz diorite north of Moose Creek car- 
ries the dark minerals hornblende and biotite and is associated with 
a quartz diorite gneiss rich in hornblende. This gneiss extends also 
eastward to and along Granite Creek and is doubtless a cataclastic 
phase of the massive quartz diorite. Along the middle course of 
Chickaloon River quartz-augite diorite is present, but toward the 
headwaters it gives place to a muscovite granite. On the upper 
Talkeetna gneisses again appear, but along the lower course are ex- 
posed more quartz (horites. On the western flank of the Talkeetna 
Mountains granitic rocks outcrop in great abundance almost contin- 
uously from Talkeetna River to Willow Creek and again as a narrow 
band forming the southern boundary of the area of crystalline mica 
schist. Near Sheep Creek some uraUtic gabbro is foimd. In the 
vicinity of Kashwitna River is a light-colored quartzose type, which 
proves to be a quartz monzonite. 

The quartz diorites on the south side of Enik Arm are probably to 
be correlated with those making up the main mass of the Talkeetna 
Mountains. Similarly a small isolated boss of epidotized quartz 
diorite a few miles east of the mouth of Caribou Creek appears to 
belong to the same general mass. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance In the Matannskn and Talkeetna basins, 
: BoU. U. 8. Oeol. Surrey No. 327, 1907, p. 20. 
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MIDDLE AND UFPEB JURASSIC ROCKS. 

The Middle and Upper Jurassic rocks of the Matanuska Yallej 
were not recognized within the area here described in detail, but 
they have a considerable thickness and wide distribution farther east 
They contain faunas which seem to represent those of all the Middle 
and Upper Jurassic formations present on Cook Inlet, although tiie 
beds containing the several faunas have not been separated in areal 
mapping. The following description of these beds is compiled from 
the report by Paige and Knopf.* 

In the r^on east of Chickaloon River the Lower Jurassic volcink 
rocks Gower Middle Jurassic of the report cited above) are overUio 
with apparent conformity by a series of sandstones and shaks. 
Some finely flow-banded volcanic rocks, now devitrified, are in places 
associated with the sediments, proving that eruptive activity had not 
entirely ceased during their deposition. This series, by its dominantJj 
sedimentaiy character, can be readily distinguished from the undo^ 
lying metarandesite. 

The sandstones are usually feldspathic and under the niicrosoQf(e 
show numerous small fragments of microlitic andesite no larger thtn 
the feldspar or quartz grains. The shales locally carry numettntf 
limestone nodules. At several localities these shales and simdstonfiB 
are intensely shattered and crushed. This is especially notable in the 
gorge of Billy Creek. In this vicinity also occur several conglom6^ 
ates not found elsewhere in the series. 

In general the sandstones and shales are barren of fossils, tiiou^ 
belemnites are rather common. The following species, however, 
were found and were submitted to T. W. Stanton, who reported as 
follows:' 

6 A. K. 88A. Caribou Greek, tributary to Matanuska River: 

Inoceramus cf . lucifer Eichwald. 

Pleuromya. 

Pleurotomaria. 

Phylloceraa. 

Stephanoceras. 

Oppelia? 
6 A. K. 88B. Same locality as preceding, but found in float bowlder in stream bed: 

Inoceramus. 

Natica. 

Phylloceras. 

Stephanoceras. 

Sonninia? (two species). 

Belemnites. 
The two lots are evidently from the same horizon and nearly all the species occur 
in the lower part' of the Enochkin at Snug Harbor. 



1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Mat an n s ka and Talkeetoa 1 
Alaska: BuU. U. 8. Oeol. Survey No. 327, 1907, pp. 17-23. 

* Idem, p. 10. 

* The lower part of the Enoohkln formation Is now known as the Tuzednl sandstone. (Sae BidL 
U. 8. Oeol. Survey No. 485, 1012, pp. fiO-e4.) 
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The Upper Jurassic rocks consist largely of blue shales, locally car- 
rying fossiliferous limestone nodules. With the shales are associated 
sandstones, conglomerates, and some tuffs and arkoses. Strata of 
this age have a wide distribution east of Chickaloon River, but were 
not observed in the Talkeetna Mountains. 

The sandstones of this series are usually ordinary yellow sandstones, 
which in places are conspicuous on account of the multitudes of 
Aucella contained in them, this fossil making up as much as half of 
the rock. In some places the sandstones have a light-gray color, due 
to the fact that such beds are highly feldspathic and contain much 
finely conuninuted black mica, locally with an abundance of small 
bits of carbonaceous material. 

On Billy Creek a number of interstratified tuff beds from 1 to 4 feet 
thick occur near the top of the series, a few hundred feet beneath the 
base of the Cretaceous. These tuffs differ greatly in appearance 
from the older Jurassic tuffs. Higher in the series arkoses closely 
simulating gramtes in appearance are interstratified with the sand- 
stones. The arkose appears to have been derived principally from 
the destruction of a volcanic land mass, but some of its material was 
possibly brought from a monzonite area, as indicated by the presence 
in it of fragments of monzonite. Under the microscope the feldspars 
of these arkoses by their alteration contrast strongly with the clear, 
glassy feldspars of the somewhat older crystal tuffs dready described. 

A notable accumulation of conglomerate, stretching over several 
square miles, occurs in the headwater region of Susitna River near 
Ndchlha River, where extensive glaciation has produced deep troughs 
that expose splendid sections of it. Perpendicular cirque walls 
reveal a thickness of not less than 1,100 feet. Here and there thin 
layers of sandstone show that the conglomerate is lying in horizontal 
attitude. It is almost exclusively composed of large, well-rounded 
bowlders of augite andesite and quartz monzonite embedded in a 
tuffaceous matrix. At the upper horizons the bowlders of andesite 
preponderate. The bowlders of the conglomerate are ellipsoidal in 
shape, and many of them are as much as 2 feet in diameter. The con- 
glomerate is Uthified firmly enough to form large bowlders in the 
present stream wash. Sheets of lava are locally intercalated in the 
conglomerate. 

Along Ndchina River, immediately below the junction of the north 
and south forks, the stream bluffs reveal an interdigitation of lenses 
of sandstone, shale, and coarse conglomerate. The sandstones show 
cross-bedding and contain remains of Aucella. 

The thickness of the Middle and Upper Jurassic rocks is not defi- 
nitely known. It certainly exceeds 2,000 feet, including a known 
thickness of 1,100 feet of conglomerate. 
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The unconformity between the Upper and the Lower Jurassic records 
an important event in the dynamic history of the area. Bdow this 
break in stratigraphic sequence the rocks are shattered and broken 
and in many places are rudely schistose, and the andesites have 
assumed a greenstone habit and in severd places have been exten- 
sively pyritized and veined by quartz and cdcite seams. Above the 
imconformity the strata lie in comparatively undisturbed attitudes 
and the intercalated andesites are fairly fresh and unaltered, differing 
in this respect but slightly from the Tertiary volcanic rocks of tiie 
region. 

The age of these strata has been determined from the following 
invertebrates, identified by T. W. Stanton: 

Lot 6 A. K. 156. Headwaters of Nelchina Rivet of Copper River drainage: 
Cadoceras sp. Many immature epecimene. 
Belemnites. Fragments. 
The horizon is that of the Cadoceras zone/ which forms the upper third of the Enoch- 
kin formation. 

Lot 6 A. K. 185. Nelchina Rivw: 
Pleuromya. 

Cadoceras? Fragmentary imprint doubtfully referred to the genus. 
Belemnites. 
The horizon is probably in the upper part ' of the Enochkin formation. 
Lot 6 A. K. 136. Billy Creek: 

Aucella cf . bronni Rouiller. 
The same species occurs in similar rock in the Naknek formation of Kamishak Bay. 

The fossils indicate faunas of both late Middle Jurassic and Upper 
Jurassic age. It is interesting to note that the Upper Jurassic rocks 
of this region, which are f aunaUy allied to those of the Naknek for- 
mation on the west coast of Cook Inlet, show a certain Uthologic 
similarity in the presence of interstratified tuffs and arkose.* Fur- 
thermore, an accumulation very similar to the remarkable andesite- 
granite conglomerate occurring on the headwaters of Susitna River 
is found at the base of the Naknek formation.* 

LOWER CRETACEOUS ROCKS. 

The Lower Cretaceous is represented by a single formation — a 
mas3ively bedded limestone, 300 feet thick, which overlies the Upper 
Jurassic strata conformably on the headwaters of Billy Creek and 
Nelchina River, where it outcrops in prominent gray cliffe encircling 
the hilltops. It is also represented by the probably equivalent lime- 
stone north of Castle Mountain described below (pp. 32-33). The 
limestone at the headwaters of Billy Creek and Nelchina River is 

1 The Cadoceras zone, oonsUtutlng the apper part of the Enodhldii foimatlon, is now known as tbt 
Chlnitna shale. (See Ball. U. S. Qeol. Survey No. 486, 1912, pp. 65-68.) 

s Stanton, T. W., and Martin, G. C, Hesocolc section on Cook Inlet: BuU. Oeol. Soc America, vtL W, 
1906, p. 402. 

* llartin, G. C, The petroleum fields of the Padfloooast of Alaska: BuU. U. S. GeoL Survey No. 250, 1906, 
p. 44. 
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described by Paige and Knopf ^ aa white and of very finely &ao 
charoidal texture. On freah fracture it emita a strong fetid odor. 
It 13 readily soluble in cold hydrochloric acid and evolves an abund- 
ance of unpleasant hydrocarbon gases. Qualitative tests show the 
presence of not more than a trace of magnesia. Under the micro- 
scope the detrital organic origin of this limestone is readily apparent. 
It is composed largely of irr^ular granules of dirty-looking calcite, 
but with these are associated numerous prismatic sections referable 
to oi^anic fragments. Rhombohedral cleavage is here and there 
finely developed, but the characteristic calcite twinning is notably 
absent. Some of the carbonate is still in the aragonite form, as is 
indicated by negative biaxial interference figures. Accessory con- 
stituents are limpid plagioclase, quartz with hairlike rutile, horn- 
blende, and, more rarely, augite and apatite. The incomplete con- 
version of the carbonate to the stable modification and the absence 
of twin lamellation in the calcite indicate the essentially static condi- 
tions in which the limestone has remained since its formation. 

The age determination of this Cretaceous formation is based on the 
presence of AuceUa crasaicoUis Keyserling, obtained by Mendenhall ' 
from a conglomeratic sandstone at the base of the limestone. This 
conglomerate may indicate a time break between the Lower Creta- 
ceous rocks and the Upper Jurassic strata that lie in apparently 
conformable attitude beneath them. 

UPPER CRETACEOUS ROCKS. 

The Upper Cretaceous rocks of the Matanuska Valley consist of 
about 4,500 feet of shale and sandstone, deposited, so far as known, 
wholly in marine waters. These deposits have been recognized in 
this part of Alaska only within the area described below in detail. 
The character and age of these beds were not recognized in the earUer 
investigations, and they are included in the areas mapped as Tertiary 
by Martin ' and by Paige and Knopf.* It is highly probable that 
they extend east of the area shown on the detailed map (PI. V, in 
pocket) and include bed3 represented on the general geologic map 
(PI. m, in pocket) as Tertiary or as Upper and Middle Jurassic. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reoonn&issanoe in the Matannskft and Talkeetna baalDS, 
Alaska: BuU. U. S. Qeol. Sorvey No. 327, 1907, p. 24. 

s Mendenhall, W. C, A reoonnabsanoe from Resurrection Bay to Tanana River, Alaska, in 1896: Twentl- 
eth Ann. Rept U. S. Oeol. Survey, pt 7, 1000, p. 300. 

• Martin, O. C, A reconnaissance of the Matanuska coal field, Alaska, in 1006: Bull. U. S. Geol. Sorvey 
No. 280, 1006, PI. m. 

* Paige, Sidney, and Enopf, Adolph, Oedogio reconnaissance in the Matannska and Talkeetna baslDS, 
Alaska: BuU. U. S. OeoL Survey No. 327, 1007, PI. n. 
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TERTIARY ROCKS. 

The Tertiaiy sedixnentary rocks of the Matanuska Valley have in 
the earUer descriptions been treated as a stratigraphic imit and are 
thus represented on the general geologic map (PL III, in }>ocket). It 
has been found possible and desirable, -in the area mapped in detail, 
to subdivide these rocks. Three Tertiary formations are conse- 
quently represented on the detailed geolc^c map (PI. Y, in pocket) 
and will be described below. These forxnations are, in descending 
order, the Eska conglomerate, the Chickaloon formation, and an 
unnamed formation consisting of arkose, conglomerate, and shale. 
The local Tertiaiy rocks include also volcanic beds and intrmiYe 
masses. 

The subdivisions of the Tertiaiy have been carried only over the 
area of the detailed geologic map (PI. V), so it is necessary to map 
the Tertiary as a unit in the remainder of the valley. (See PL in.) 
The Tertiary rocks along Chickaloon River north of the end of Castle 
Mountain are chiefly conglomerate and are believed to include both 
the Eska conglomerate and the conglomerates of the basal Tertian 
formation. The area mapped as Tertiaiy east of Chickaloon Riv^ 
is probably occupied chiefly by the Chickaloon formation. 

Overlying the older Tertiary rocks unconformably is a series of 
nearly horizontal basalt flows, which, with their intercalated pyix>- 
clastic rocks, attain a thickness of 1,000 feet. They were seen 
within the area mapped in detail only on Castle Mountain, but they 
are extensively distributed throughout the Talkeetna Mountains 
and compose xnany of the peaks and suxumits of the region. They 
weather in tints of red and break down in characteristic erosional 
forms which lend a picturesque castellated appearance to the moun- 
tain crest lines. 

The basalt flows with their interbedded tuffs and breccias present 
a stratified appearance. The surface upon which these volcanic 
rocks were accumulated appears to have been one of gentle reUef, 
cut across the upturned edges of the older rocks. The discordance 
between the nearly horizontal basalts and the underlying strata 
varies from 10° to 90°. About the headwaters of Chickaloon River 
this basalt surface slopes gently northward. East t)f Chickaloon 
River its altitude is about 5,000 feet. It is somewhat broken by 
faults. 

The basalts display a wide variation in habit and texture. Highfy 
glassy types, amygdaloids, porphyries, and dolerites are variously 
represented. They belong to the acidic end of the basalt family 
and are in general nonoUvinitic. 

The basalts overlie the Eska conglomerate imconformably and are 
probably of late Tertiary and possibly of PUocene age. Their petrog- 
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raphy suggests that they are the effusiTe equiTalents of the diabase 
dikes and silk that are so common in the Tertiary of the Matanuska 
Valley. These Tolcanic rocks of the Talkeetna Mountains can be 
correlated with the great Tertiary volcanic series of the upper Nizina 
Valley, described by Schrader and Spencer, and with an important 
volcanic series on Nabesna River, described by Brooks. Both these 
series are said to comprise andesites, rhyoUtes, and pyroclastic rocks 
and both were deposited unconformably upon a general uniform sur« 
face. The volcanic rocks of the Talkeetna region, however, show a 
greater petrographic uniformity and consist exclusively of basalts 
and their fragmental accumulations. In this respect they show a 
closer resemblance to the late Tertiary lavas of the Alaska Peninsula, 
and the Aleutian Islands, which have been described by Spurr* as 
andesitic basalts. 

QUATEBNABY DEPOSCTS. 

The Quaternary deposits include morainic acoimulations, teirace 
gravels, and the alluvial deposits on the present flood plains. The 
glacial deposits and terrace gravels are especially well developed 
throughout the lower lands west of Chickaloon River, where the 
former glaciers and the glacial streams were depositing. Farther 
east, where the glaciers were eroding more actively and where they 
stood above the level of the waters in which the terraces were formed, 
the gravel cover is thin and local. 

The deposits in the valley of the Matanuska are described in detail 
in the following pages. The Quaternary deposits on the lowlands 
bordering Knik Arm are of somewhat different character. 

The bluffs on the shore of Knik Arm in the vicinity of Knik are 
composed entirely of Quaternary deposits. Those at Knik are made 
up of stratified sand and gravel, but an exposure seen from the 
steamer several miles below (near or just above Goose Bay) is appar- 
ently unstratified and is probably till. 

The bluffs from Knik to Cottonwood are all of stratified sand and 
gravel, as at Knik. They rise to a general elevation of about 100 
feet above high tide. The upper limit is a well-defined level behind 
which the surface is hummocky. At Cottonwood the general upper 
surface level is well developed at 57 feet above extreme high tide, 
there being also a distinct bench at 16 feet. Exposures of the mate- 
rial are poor, but the good drainage and the presence of only well- 
washed material in the sUdes indicates that the gravel is stratified 
and not a strict morainic deposit. 

The trail from Cottonwood to Grassy Ridge passes through a 
hummocky but fairly well terraced country whose surface gradually 

1 Spurr, J. E., A reoonnateaiioe In soutliwestera Alaska la 1896: Twentieth Ann. Kept. U. 8. OeoL 
Survey, pt. 7, 1900, p. 234. 
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rises toward Graaey Ridge. The topographic forms appear to include 
a variety of features of glacial origin, such as eskeis, possibly drum- 
lins, and irregular glacial dumps, as well as benches which may be 
products purely of glacial outwash but which, presumably, include 
also marine terraces (chiefly constructional). The rise toward 
Grassy Ridge is accomplished chiefly by steep ascents from bench to 
bench. Grassy Ridge is a long, narrow, steep-sided, sinuous gravd 
ridge on the north shore of Finger Lake. North of it is a creek flowing 
westward. The crest of the ridge imdulates in elevation, the average 
height being about 36 feet above Finger Lake and 47 feet above the 
creek.^ The ridge is probably an esker, though possibly a piece of 
lateral moraine. The trail traverses other similar ridges west of this 
point. 

The trail from Grassy Ridge to Moose Creek passes over a country 
similar to that from Cottonwood to Grassy Ridge until it crosses the 
second creek, beyoi^ which it rises by a gentle slope toward the bank 
of Matanuska River. It comes out on top of the bank overiooking 
the Matanuska about 3 miles below Moose Creek, where it is on 
stratified gravel at an elevation of about 300 or 400 feet above the 
river. From this point it nms near the edge of the bank, going over 
flat benches, all of which are apparently at about the same eleva- 
tion, and in and out of shallow draws and undrained hollows. The 
trail descends into the valley of Moose Creek over several well-defined 
benches, which are described more fully below. 

DETAILED DESCRIPTION OF THE ROCKS OF THE LOWER 
MATANUSKA VALLEY. 

GBANinO AND GNBI8SI0 &OCK8. 
AXBAL DSTEIBimOV. 

Granitic and gneissic rocks occupy two areas along the northern 
border of the region covere<l by the detailed map (PI. V, in pocket). 
One of these areas extends from the valley of Moose Creek to the 
headwaters of Young Creek and northward into the Talkeetna Moun- 
tains for an unknown distance. It probably includes the entire upper 
parts of the valleys of Moose and Granite creeks, for the beds of 
these streams at the edge of the r^on mapped on Plate V are made 
up entirely of bowlders of granite, and no sedimentary rocks could 
be seen in the mountaios at their heads. The other area extends 
from the divide between Young and Granite creeks to the divide 
between Bangs and Chickaloon rivers and up Elings River probably 
to its headwaters, although sedimentary rocks also are known to be 
present here. 

1 The diflereooe of elevation was measured with a hand lev«L 
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LITHOLOQIC CHABACTXB. 

The older crystalline rocks within the area represented on the 
detailed map comprise granites and quartz diorites, many of which 
are more or less gneissoid, and also probably smaller but imdifferen- 
tiated masses of thoroughly gneissic and fine-grained schistose rocks. 
The granite rocks are for the most part light colored, moderately 
coarse grained, and of a granitic texture and contain macroscopic 
quartz, feldspar, hornblende, and in some places also biotite. 

Gneissic banded rocks of moderately fine grain, composed of quartz, 
feldspar, and hornblende, are present on Moose Creek. Intrusive 
into these rocks are fine-grained whitish granitic rocks of alaskitic 
habit, composed of quartz, feldspar, and very Uttle biotite. Coarse- 
grained, slightly gneissoid granites are also present in this locality. 
The gneissoid texture of these rocks is due to a rough parallelism of 
constituent minerals which, under the microscope, are seen to be 
crushed, granulated, and bent and to have undergone considerable 
alteration to secondary minerals. These granites of cataclastic 
gneissoid habit are composed of primary quartz, alkaUc feldspars, 
hornblende, and biotite, and accessory magnetite and apatite. The 
secondary minerals are chiefly quartz, iron oxides, chlorite, and 
epidote. 

On Eska Creek there are both distinctly banded gneissic rock and 
merely gneissoid granite, similar to the rocks on Moose Creek. No 
banded gneissic rocks were seen east of Eska Creek, but most of the 
granites along the southern borders of their areas are gneissoid. 

In the neighborhood of Kings River there are granites of medium 
grain consisting of quartz, acidic plagioclase (and orthoclase?), 
biotite, hornblende, and magnetite. There is some variety in these 
rocks due to reciprocal relations in the amounts of feldspar and 
ferromagnesian minerals, especially the hornblende. The rocks 
containing more of the ferromagnesian minerals are usually finer 
grained and much darker in color. Small patches or ''inclusions" 
of such rock within the lighter, coarser varieties are very common. 

Along the fault zone which marks their south boundary the older 
crystalline rocks are, at several places, as on Eska Creek and on the 
ridge north of Castle Mountain, severely crushed and altered, with the 
development of epidote, chlorite, calcite, and other minerals, so that 
their original characters are very obscure. In some of these deformed 
rocks there is very profound veining by irregular and small to minute 
seams of calcite and quartz. 

AQS AVD RSLATIOVS. 

The granitic rocks and the highly metamorphosed gneissic rocks 
which occur in association with them constitute a complex which 
could not be divided in the small amount of investigation which 
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was made on the margin of their area. The gpeissic rocks are bdieved 
to be part of a possibly extensive ancient series of metamorphic 
rocks having dose relations with the mica schists on Willow Creek. 
(See p. 15.) 

The gneissoid granites, which are veiy certainly younger than the 
rocks just mentioned, may be the representatives of a granite mass 
which was slightly metamorphosed and intruded by later non- 
gneissoid granites. On the other hand, they may very probaUy 
be but the locally altered representatives of one general mass, of 
which the nongneissoid granites are another facies. There is litde in 
favor of either of these alternatives, unless it be in the evidence <rf 
two widely separated periods of granitic intrusion, found in the faiets 
that Jurassic rocks are intruded by granites (see below) and that 
the pre-Jurassic (see p. 17) graywacke on Kmk Arm is compoaed of 
detritus from the destruction of a granite mass.' 

The arkosic rocks, which are beUeved to be at the local base of 
the Tertiary, rest upon an even surface of granite, contain pebbles 
identical in lithologic character with the underlying granite, and an 
believed to have been laid down upon an eroded granite land surface 
(See PI. VI, A.) The general southern boundary of the granite areas 
is in most places along faults by which the granites are brought into 
contact with both the Tertiary and the Upper Cretaceous rocks. 
(See Pis. VI, B; VII, A; and XIV, A and 5, p. 72.) The granite 
is in contact with the Lower Jurassic volcanic rocks and with the 
probably Lower Cretaceous limestone in the ridge north of the west 
end of Castle Mountain. The nature of the contact at this point 
is not as dear as could be wished. Near the contact the granite 
shows evidence of having been severely crushed, and there is probably 
some faulting at this locaUty. The actual contact could not be 
observed at close range, so it is not known definitely whether the 
granite is intrusive into either or both of the Meeozoic formations. 
The contact, as seen in cliffs which were inaccessible, looked very 
much as if it were intrusive. On the other hand, the granite is not 
noticeably finer grained near the contact than away from it, nor 
could it be seen that the limestone or the Lower Jurassic volcanic 
rocks were more altered near the edge of the granite mass. 

The date of intrusion of the granitic mass of the Talkeetna Moon- 
tains is assigned to the Middle Jurassic by Paige and Ejiopf ' on the 
ground that the Upper Jurassic rocks on the headwaters of the 
Matanuska contain bowlders of granite identical in character with 
that of the mountains, and the Lower Jurassic volcanic rocks 
on Sheep Mountain are cut by a small mass of granite. There is a 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in tlie Matanuska and 
Alaska: Bull. U. 8. 0«oL Survey No. 837, 1907, pp. 14-15. 
• Idem, p. 21. 
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A. GRANITE AND TERTIARY ARKOSE IN GULCH ON THE WEST SIDE OF SHEEP VALLEY. 



B. GRANITE AND TERTIARY ARKOSE IN THE WEST WALL OF SHEEP VALLEY. 
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A. GRANITE OVERLAIN BY ARKOSE AT THE HEAD OF SHEEP VALLEY. 



n. SHEEP VALLEY FROM A POINT NEAR ITS LOWER END. 

Showing the gently dipping arkose represented in Plate VII, A, overthrust on closely folded arkose beda. 
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weak point in this evidence, as the small granite mass on Sheep 
Mountain is 28 miles distant from the main granite mass of the 
Talkeetna Mountains and may or may not be contemporaneous 
with it. The evidence is, however, very suggestive and is in harmony 
with the apparently intrusive character of the contact of the granite 
with the Lower Jurassic volcanic rocks north of Castle Mountain 
and with what is known of the date of intrusion of similar granite 
masses not only in Alaska but throughout the American Pacific 
coastal mountains. 

LOWEB JT7BA88IO BOOK8. 

VOLCANIC BRECCIA, AGGLOMERATE, AND TUFF. 

ARBAL DISTRIBimOB. 

The Lower Jurassic rocks occupy two areas in the east end of the 
district here under discussion. They occur in a belt north of Castle 
Moimtain, extending from Kings River to and probably beyond 
Chickaloon River, and in another belt south of and parallel to the 
Matanuska, extending from Carbon Creek eastward for an imdeter- 
mined distance. They also occupy large areas in the upper Mata- 
nuska Valley and in the r^on north of it, as will be noted below. 

UTHOLOaiC CHARAGTBR. 

These rocks are well exposed on the creek tributary to Chickaloon 
River from the west a mile above the Government Bridge. The beds 
here exposed consist of lavas, agglomerates, and breccias of con- 
siderable diversity of character interbedded with tuffs which are 
waterlaid and well bedded and which carry abimdant marine fossils 
of the species listed below. Beds of the same character were seen on 
Doone Creek immediately behind the east end of Castle Mountain, 
where also fossils were obtained. 

The exposiures seen on the moimtain north of the west end of 
Castle Moimtain consist entirely of the more typical volcanic accu- 
miilations, without recognized bedded rocks, and reveal more altera- 
tion of the rocks than was seen at the exposures first described. The 
rocks at this point are rather of the greenstone type. 

Coal Creek, at a point about If miles above its mouth, passes 
through a narrow gorge both walls of which are made up of green 
tuff with angular inclusions and rolled pebbles of red, purple, and 
green igneous rocks. Tiiese rocks have a structiu*e dipping north- 
ward at an angle of 10^ or 15®, which may be bedding. 

Just below this gorge, on the east bank of the creek, northward- 
dipping graywacke or fine-grained tuff is exposed in a contact of unde- 
termined rc^tioDship with the coarser tuff seen in the gorge. These 
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beds seem to grade upward into shales which are harder than the 
typical shales of the Tertiary and approach in charactw the Cretin 
ceous shale on Kings River. Interbedded with the shale is a 4-foot 
bed of conglomerate of different character from any seen in the Tot- 
tiary. 

AboTe the gorge, on the east bank of the creek and well exposed 
at the north end of the high cliffs shown on the map near the edge of 
the sheet, are more massive fine-drained rocks, which are believed to 
be also tnffaceous. 

The Mesozoic volcanic rocks north of Doone Creek include a num- 
ber of lavas, tuffs, and breccias which constitute part of the bedded 
series of volcanic rocks described by Paige and Knopf ^ and which 
have a more varied and extensive development outside the limits of 
the area here described in detail. North of Doone Creek the fol- 
lowing rocks were seen: Felsites of creamy white and drab color, 
the former containing phenocrysts of small white feldspar and black 
decomposed biotite ( ?) ; brownish-green narrow-banded tuffs of fine 
angular, clastic textiu*e; dark fine-grained fragmental rocks studded 
with small white feldspar crystals; banded fossiliferous tuffs com- 
posed of angular bits of feldspar and hornblende or other dark mineral 
or fragments of dark rock; stratified breccias in which angular frag- 
ments of porphyritic or felsitic rocks are embedded in a matrix of 
only slightly different appearance, accentuated on weathered surfaces; 
and black aphanitic vesicular basalts. All these rocks are much 
weathered. The prevalent green color indicates general devdop- 
ment of secondary minerals and decomposition products. Some of 
these rocks are severely crushed and shattered and in them epidotiza- 
tion and chloritization are particularly pronounced. These rocks are 
intricately interlaced with small quartz and.calcite seams. Paige 
and Knopf found among these rocks mainly andesitee, dacites, and 
rhyohtes and their tuffaceous equivalents. 

FAinrA. 

Marine fossils were collected from the tuff beds exposed on Doone 
Creek and on the creek north of it. These have been identified by 
T. W. Stanton a^ follows: 

6693. Creek entering Chickaloon River from west 1 mile above Government Bridge^ 
Elevation, 2,200 feet. 
Rhynchonella sp. 
Pecten ep. a. Smooth fonn. 
Pecten sp. b. Strongly ribbed Vola type. 
Pecten sp. c. Laige, flat, coarse-ribbed form. 

1 Paigs, Sidney, and Knopi; Adolph, Geologic recoimaiaiwnoe in the MatMimtaaad TaUoeetitt l»^ 
Alaska: BuU. U. S. OeoL Survey No. 327, 1907, pp. 16-19. 
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6697. Doone Creek, at mouth of gulch, 3,960-foot point, traverse of August 30. Float. 
Rhynchonella sp. 
Pecten sp. a. 
Pecten sp. b. 
Pecten sp. d. 
Trigania7 6p. 
Caidinia7 6p. 
Deroceras? sp. 
^ocera87Bp. 
6706. Creek entering Chickaloon River from went 1 mile above Government Bridge. 

Elevation, 2,000 feet. 
Pecten sp. b. 
Deroceras? sp. 
€707. Creek entering Chickaloon River fro|n west 1 mile above Government Bridge. 

Float from base of falls. 
Rhynchonella sp. 
Gryphsea? sp. 
Ostreasp. 
Pecten sp. 
Probablv Jurassic . 

6708. Oeek entering Chickaloon River from west 1 mile above Government Bridge. 

Float above falls. 
Pecten sp. 

Several imdetermined small pelecypods. 
Possibly Jurassic. 

6709. On same creek as 6,708 at elevation 2,200 feet. From talus. 

Cardinia7sp. 
Jurassic. 

AQS AVD OOBMELATIOV. 

The following statement concerning the age and correlation of the 
fauna found in these beds has been submitted by T. W. Stanton: 

The lots numbered 6693, 6697, 670&-6709 are referred to the Jurassic and are prob- 
ably Lower Jurassic, though the paleontologic evidence for the latter reference is not 
flo full as is desirable. The fossils are almost certainly from the same beds from which 
Mr. Knopf collected his lot No. 201, on the head of Matanuaka River, in 1906. Mr. 
Knopfs collection was at that time doubtfully referred to the ''Enochkin formation,** 
but I am now inclined to consider the beds from ^diich he collected equivalent to 
the supposed Lower Jurassic near Soldo via and to regard them as Lower Jurassic. 
It is true that not more than two or three species have been found common to the 
different localities from which these fossils have been coUected, but the general char- 
acter of the fauna in each case is suggestive of Lower Jurassic, and it is probable that 
more systematic coUectiDg would prove that the different lots really belong to a 
single £ikuna. 

The fossils collected by Enopf and referred to by Stanton in the 
preceding paragraph have been described as follows: * 

1 Paige, Sidney, and Knopf, Adolph, Geologic reomiiMfawuwe In the Maturaaka and Talkeetna beains, 
: BtiU.U.S.OeoL Survey No. 837,1907, 9. 18. 
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The foflsUfl found in tufis aasodated with the greenetcMies were submitted to T. W. 
Stanton, who reports as follows: 

6 A. K. 201. Fossiliferous tufis, associated with lavas and coane pyzoclasticiBy from the 
head of Matanuska River: 

Rhynchonella. 

Lima. 

Pec ten. Smooth spedee. 

Pec ten. Species of Vola type. 

Trigonia. 

Astarte? 

Protocardia. 

Pleuromya. 

Sonninia? 
The Jurassic age of this lot is clearly shown by the form ci the Trigonia and of the 
ammonite (Sonninia?). The general aspect of the faima is that of the lower part d 
the Enochkin,^ though it may be somewhat older than the fauna in lota 88A and 
88B. With the exception of the Vola-like species of Pec ten there is nothing in it to 
suggest the Lower Jurassic fauna of Seldovia. 

The assignment of this fauna to the Lower Juraasic rather than to 
the Middle Jurassic is in harmony with the fact that the Middle 
Jurassic of Cook Inlet* is not known to contain volcanic beds, "wiuk 
the Lower Jurassic of Cook Inlet' does contain volcanic beds d 
Uthologic character strikingly similar to that of the beds here under 
discussion. 

LOWEB OBETACEOU8 (P) BOCK8. 

LIMESTONE. 
ASBAL DISTBIBTrTIOV. 

Limestone occurs north of Castle Mountain in a belt within which 
there is one large area and at least three smaller ones. The best 
exposures are on the ridge north of the west end of Castle Mountain. 
Other exposures were seen at the head of Doone Creek and on the 
next creek north of it. 

LITHOLOOIG OSABAOTSB. 

The limestone, as seen on the ridge north of the west end of Castle 
Mountain, is blue and gray to white, of fine to medium grain (crys- 
tallinity), much shattered and full of minute calcite veins, and as 
seen on top of the ridge well bedded (in beds 6 inches to several feet 
thick) without decided change in lithology from bed to bed. The 
westernmost exposure on top of the ridge, a small, isolated outcrop 
at an elevation of 4,700 ± feet, contains beds which are decidedly 
cherty. 

1 The lower part of the Enochldn fonnation is now known aa the Tnzednl aandstooe. 

t Martin, Q. C, and Kats, F. J., A geologic reconnaissance of the Iliamna region: Boll. U. S. QeoL Sarrtj 
No. 485, 1912, pp. 5»-68. 

> Moffit, F. H., Gold fields of the TuniaeBln Arm region: BnlL U. S. GeoL Surrey No. 377, 1908. pft 
20-22. 
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The limestone exposed on the creek north of Doone Creek is at the 
bend about a mile above the mouth of the creek. The exposure is 
in the form of a vertical comb of crystalline cherty limestone at least 
60 feet thick. The trend of the vertical mass, which is possibly the 
strike of the limestone, is N. 45° E. No bedding was recognized. 
The rocks on the east side are concealed by a moraine. West of the 
limestone outcrop is a mass of sticky reddish clay. 

The grain of this limestone ranges from snbcrystalline to that of 
loaf sugar. It is mostly white, though numerous pinkish masses 
were seen. The pink color is largely, but not altogether, on the sur- 
face. Masses of chert and cherty limestone are abundant. No clearly 
bedded masses of chert were recognized. The appearance of the rock 
suggests that whatever bedding it once possessed is now entirely 
destroyed by the shattering and recrystallization which it has under- 
gone. 

BTBATiaRAPHIC RELATIOVS. 

The limestone on the crest of the ridge north of Castle Mountain 
lies in a closely compressed overturned syndine and rests upon 
somewhat altered volcanic rocks which are considered to be the same 
as the Lower Jurassic volcanics with which they are areally con- 
tinuous. (See PL XV, p. 72.) An exposure on the west end of this 
ridge shows the rocks in direct contact and small pebble-like fragments 
of the greenstone embedded in the lower 2 inches of the limestone. 
These fragments give evidence that the limestone overlies the 
greenstone unconformably. 

AQS AND COBBELATIOV. 

No fossils have been found in the limestone of the district here 
described, so the determination of its age depends on the local 
stratigraphic evidence and on correlation with the rocks of neighboring 
regions. 

It has already been shown that the limestone rests unconformably 
upon Lower Jurassic rocks. The Middle and Upper Jurassic rochs 
of the upper part of the Matanuska Valley show a complete sequence 
of several thousand feet of strata in which limestones are absent. 
The Upper Jurassic is overlain, on Billy Creek and Nelchina River, 
by a massively bedded limestone at least 300 feet thick, at the base 
of which ^ are Lower Cretaceous fossils. Although there are diflfer- 
ences in the features of the two limestones, they are such as might 
be explained by the fact that the two occurrences are 25 miles apart 
and in structurally different areas. These limestones are here 
provisionally correlated and referred to the Lower Cretaceous. 

1 >r^m*^*"*'d'i W. C, A raconnriawmee from Resoirection Bay to tiie Tanana RItot, Alaska, in 1896: 
TmatkiQi Ann. Rept. U. 8. OeoL Survey, pt. 7, 1900, pp. 30^300. Paige, Sidney, and Knopf, Adolph, 
Otologic reoonnaisBanoe in the Matannska and Talkeetna basins, Alaska: Bull. U. 8. Gaol. Surrey No. 827, 
1907, p. 24. 

•949^— Bull. 500—12 3 
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TJPFBB CBBTAOEOTT8 &OCK8. 
ASBAL DISTBIB17TI0V. 

The Upper Cretaceous rocks cover a large area in the central part 
of the region here described. They include all the exposures of hard 
rock in the banks of Matanuska Eiver from a point 2i miles below 
Chickaloon River to Moose Creek and occupy all of the valley of 
Granite Creek 6 miles above its mouth, much of the upper part of tht 
valley of Young Creek, the west side of the valley of Eongs Ri?er 
from 6 to 10 miles above its mouth, the low hills between Kings Riv« 
and the Matanuska, and a small area in the valley of Carbon Creek. 

LITHOLOaiG OHABAOTX&. 

The rocks consist of shale and sandstone, having an aggreg^ 
thickness of at least 4,000 feet, of which the lower half is practicaBj 
all shale and the upper half consists of alternating beds of sandstone 
and shale, the former predominating. Conglomerate is present, 
but not in thick or abundant beds. The most complete observed 
section is in the gorge of Granite Creek and is recorded below. Other 
good sections are exposed on Kings River between the main tawl 
and the coal camp and in the cliffs of Matanuska River. Many d 
these cliffs are not accessible for close study except at a very low 
stage of the water. 

Section in Upper Cretaceous rocks an Granite Creek, beginning at lower end of Cfmigot^ 
1\ miles from the mouth of the creek. 

Black shale at base, overlain by thin-bedded gray sandstonei some 
of which is very fine and has contorted laminse, and gray or drab- 
gray shales (beds are interleaved lenses rarely more than 6 f^«t. 

inches thick) 12 

Black sandy shale 4-6 

Thin-bedded gray sandstone and shale 15 

Black nodular shale 8 

Sandstone, mainly thick beds about 5 feet thick, with thin inter- 
bedded shales 30 

Interbedded black shale and thin gray sandstcme and shale 50 

Massive sandstone, feldspathic and micaceous 20 

Interbedded gray shale, gray sandstone, and black shale 40 

Sandstone 12 

Alternating beds, 1 to 8 feet thick, of gray sandy shale and black 

shale 260 

Similar beds increasingly to dominantly sandy and li^t gray 80 

Dark-colored sandstone and sandy shale 75 

Light-gray sandstone including several thick, massive beds and 

some very thin shales (in east bank; estimated thickness) 200 

Dark shale in beds alternating with thin sandBtones and li^t- 

colored shale 450 
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Sandstone, heavy bedded at the top but dominantly thin bedded 
(beds 1 to 2 feet and leas than 1 foot), with many beds of very 
thin shaly sandstone having contorted laminse; also a few thin 
flhale beds and an increasing number of dark shales in the lower Feet 
part 840 

Exposures interrupted and inaccessible for 1,500 feet along the 
creek, equivalent to an estimated stratigisphic interval of 500 

DiA bluish-black sandy shales outcropping for 200 feet in a direc- 
tion about N. 17® E.; strike N. 40® E.; dip, 60® SE.; computed 
thickness 80± 

Exposure interrupted and inaccessible for 800 feet along the creek, 
equivalent to an estimated stratigraphic interval of 300± 

Hard dark blue-black shale,' outeropping for about 200 feet in a 
direction N. 17® E.; strike, N. 28® E.; dip, 60® to 65® SE.; com- 
puted thickness 90=fc 

Exposure interrupted and inaccessible for about 20Oieet along the 
creek, equivalent to an estimated stratigraphic interval of 90:i: 

Hard dark blue-black shale,' outeropping for 400 feet along the 
creek in a direction N. 17® E.; strike, N. 47® E.; dip, 50® SE.; 
computed thickness 170± 

Exposure interrupted and inaccessible for 100 feet along the creek, 
equivalent to an estimated stratigraphic interval of 4bdt 

Hard dark blue-black shale,' outcropping for about 1,000 feet 
along the creek; estimated thickness 400di 

3,760± 
No exposure for 7,500 feet. 
Several small outcrops through 1,200 feet along the east bank of 

the creek in a northerly direction ; strike, N . 23® E. ; dip, 49® SE . ; 

computed thickness 350± 

The section on Granite Creek was measured in the gorge that 
begins If miles above its mouth and extends northward for 2 miles; 
in this distance exposures are almost continuous on one or the other 
bank; and in some places on both banks of the stream. It is assumed^ 
in accepting this section and thickness, that there is no repetition of 
the beds by faulting. The exposures are not of such a character as 
to make this an absolutely safe assumption, although the absence of 
observed faults, or of beds which seem to be repeated, and the fact 
that the ridge on the east of the gorge presents an unbroken dip slope, 
suggest that the section is an uninterrupted and unrepeated mono- 
clinal succession of beds. 

The rocks exposed in the gorge of Granite Creek are southeastward- 
dipping sandy shales and flaggy sandstones. Inoceramus and other 
Upper Cretaceous fossils were collected from the shales of the lower 
part of the section, in the positions indicated. The sandstones, 
which predominate higher in the section, yielded no fossils except a 
fragmentary nuculoid form. No plant fossils were seen. 

1 FoB8ll8 0oUeot«d from these beds are lot 6689; see p. 37. 



Digitized by VjOOQIC 



36 

These rocks differ lithologically from the Tertiary rocks of the 
region in that the shales are considerably more indurated than the 
Tertiary shales. The Upper Cretaceous shales are prevailin^y 
black — ^markedly so in the lower half of the section; the Tertiary 
shales are prevailingly gray, being black only where they are hi^ify 
carbonaceous, and there containing many thin coal streaks. Hie 
Upper Cretaceous shales break on clearly defined bedding and joint 
planes; the Tertiary shales break into shapeless masses. The former 
weather into masses of undecomposed shale pieces, on which bedding 
and either joint planes or conchoidal fractures determine the sbup 
edges of the fragments. The latter break down into small, nonplaty, 
shapeless masses and dust. The Upper Cretaceous sandstones are 
darker, less inclined to be arkosic, more indurated (that is, in general, 
although some beds in the Tertiary are very hard), and more eventy 
bedded. Very fine grained laminated micaceous and fla^y sand- 
stones are characteristic of the Upper Cretaceous rocks. The thin 
laminae of these fine-grained sandstones are irregularly contorted. 
Other criteria for distinguishing these rocks from the Tertiary rods 
are the absence of coal and the rarity of fossil sticks and of leaves, 
the presence of fucoidal markings in sandstones and of marine 
fossils in the shales, the presence of thin beds and nodules of vm 
hard reddish-weathering sandstone with curved bedding, the greato 
amoxmt of shattering, and the greater abundance of thin calcite 
veins. Beds of finely conglomeratic sandstone with scattered sub- 
rounded black pebbles from the size of bird shot to that of a pea 
are present in and are characteristic of the older rocks. 

Tte features described below, shown at an exposure of bluish-blad^ 
shale in the gorge of Kings River 8,000 feet above the bridge on the 
main trail, are characteristic of the dark shales that form the lower 
part of the Upper Cretaceous section. Although the rock looks slaty 
on large exposure, when struck or when a mass falls it breaks into 
irregular lathlike pieces several inches long, an inch or two in width, 
and half an inch to an inch thick, owing to a very uneven jointing 
perpendicular to the bedding. Perpendicular boUi to this jointing 
and to the bedding is the major jointing, which is very well defined. 
The shale contains numerous hard nodules from half an inch to 10 
inches in diameter. These appear to consist of the same material as 
the shale. In places they weather out, leaving an iron stain. No 
leaves or carbonaceous material were seen. 

FAI7HA AHD ZXOBA. 

These rocks possess a distinctive marine invertebrate fauna which 
has been recognized by the presence of abundant Inoceramus at 
many localities. The fossils are more abundant in the shales which 
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make up the bulk of the lower part of the formation; although Inocera 
mus was seen in the higher sandy beds. 

The following lists of fossils were submitted by T. W. Stanton: 

6689. Granite Creek, west bank, between elevations of 1,000 and 1,050 feet: 

Rhynchonella? sp. 

Inoceramus sp. Very laige compressed form which has been collected on 

Alaska Peninsula north of Aievak or Douglas village. 
Inoceramus sp. Related to I. labiatus. 
Upper Cretaceous. 

6690. North bank of Matanuska River, at lower end of lower goi^ 1.1 miles north of 

Moose Creek: 
Inoceramus sp. 
Upper Cretaceous. 

6691. East bank of Kings River at Coal Camp: 

Inoceramus sp. Fragment of laige, flat species. 
Upper Cretaceous. 

6692. Pass between Kings River and Young Creek: 

Rhynchonella? sp. 
Inoceramus sp. 
Upper Cretaceous. 

6694. Kings River, east bank, three-fourths of a mile below U. S. L. M. No. 1. 

Ostreasp. 

Inoceramus sp. Large, compressed species, as in lot 6689. 
Diplomoceras notabile Whiteaves?? Fragments of a large specimen. 
Upper Cretaceous. 

6695. North bank of Matanuska River, at upper end of lower gorge at mouth of Eska 

Creek: 
Inoceramus sp. Fragment. 
Probably Upper Cretaceous. 

6696. Creek entering Granite Creek from west 5 miles above main trail, about half a 

mile west of and 470 feet in altitude vertically above Granite Creek. 

Inoceramus sp. Probably young of large species in lot 6689. 

Phylloceras sp. 

Nemodon? sp. 

Amberleya sp. 

Pachydiscus sp. 

Desmoceras sugata Forbes? 

Desmoceras? sp. 

Anisoceras? sp. 
This collection is clearly of Upper Cretaceous age and belongs to the general Indo- 
Padflc fauna, which is well developed in India, Japan, Sakhalin, Vancouver, and 
California. 

6699. 3,350-foot knob 1 mile north of east end of Chain Lakes: 

Fragment of an undetermined echinoid. 
Horizon not determinable. 

6700. East bank of Kings River 0.35 mile above mouth: 

Inoceramus sp. 
Probably Upper Cretaceous. 

6701. North bank of Matanuska River 3^ miles east of mouth of Kings River: 

Inoceramus sp. 
Probably Upper Cretaceous. 
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6702. East bank of Kings River one-fourth of a mile above its mouth: 

Inoceramus sp. 
Probably Upper Cretaceous. 

6703. Kings River, east bank, 3,850 feet below mouth of Little Kings. 

Inoceramus sp. 
Probably Upper Cretaceous. 

6704. Carbon Creek 3,875 feet above mouth: 

Inoceramus sp. 
Probably Upper Cretaceous. 

6705. Young Creek, in float: 

Inoceramus sp. 
Probably Upper Cretaceous. 

Some fossils of more or less problematic character were seen in die 
sandstones on Kings River, on Coal Creek, and elsewhere, in associa- 
tion with large shells and fragments of Inoceramus. The foUowing 
report on specimens from Kings River has been submitted bj Arthur 
HoUick. 

5893, 5894. " Kings River, at Coal Camp:' ' 

Remains and markings of uncertain identity. One specimen appem to be 
a Spirophyton. Others may be worm tracks or burrows. 
Age not determined. 

Fossil plants of species unlike those in the local Tertiary forma- 
tions were collected from beds which lie a short distance below the 
contact with the diorite mass west of Kings River and which were 
regarded as occurring in the upper sandy part of this formatioo. 
The following report on this collection was made by Arthur Hollick: 

5898. '* Locality (34) at south of pond on top of mountain between Kings River and 
Young Creek, IJ miles N. 10** W. from Kings River Bridge:" 
Equisetum arcticum Heer? Specimens very fragmentary. Some pieces 
might equally well be referred to E. robustum Newb. 

Glyptostrobus ungeri Heer? Fragmentary remains of a heterophyUoos 
conifer, some of which might equally well be referred to JunlperuB teitiam 
Heer. 
Nyassa arctica Heer. 

Aristx)lochia sp. This is in great abundance and is very variable in fdnn. 

Some specimens are hardly to be distinguished from certain forms of Popolus 

arctica Heer. 

This is a meager and more or less unsatisfactory collection. The general fades k 

different, however, from that of any other collection from the Matanuska field. Age, 

basal Eocene. 

AGE AHD CORAXLATIOir. 

The marine fauna contained in these rocks shows that they are of 
Upper Cretaceous age. T. W. Stanton has submitted the following 
statement regarding the age and relation of this fauna: 

Of the lots referred to the Upper Cretaceous those numbered 6689, 6694, and 0096 
are certainly of that age and belong to the Upper Cretaceous buma which has been rec- 
ognized at several points on the Alaska Peninsula and is part of the general Indo- 
Pacific fauna found in the Chico formation of California, on Vancouver Island, is 
Japan, and in India. Most of the other lots in this collection, referred to the Creta- 
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ceous, contain only fragmentary specimens of Inoceramus which are not sufficient in 
themselves for discrimination between Jurassic and Cretaceous, though it is probable 
that these fragments belong to the same species that occurs at other localities in the 
neighboihood where the Cretaceous age of the rocks is definitely determined. 

The problematic fossils occur in immediate association with a large 
form of Inoceramus and are thus known to be Mesozoic, and as they 
are foxmd above the horizons at which the more characteristic Upper 
Cretaceous fauna occurs, they are consequently Upper Cretaceous 
also. They are not sufficiently characteristic to yield of themselves 
independent evidence on the age of the rocks. 

The fossil plants of lot 5898 were collected from beds which are 
stratigraphically above the highest beds containing observed marine 
Cretaceous fauna but which are lithologically identical and apparently 
stratigraphically conformable with them and are lithologically unlike 
any of the known Tertiary beds of this region. These beds are con- 
siderably more indurated than any of the local Tertiary rocks except 
those which have been involved in the intense deformation in the 
moimtain region north of the Matanuska Valley. The field relations 
consequently indicate, though they do not prove, that this flora is 
older than the Tertiary floras described below and suggest that it 
belongs in the Upper Cretaceous. The flora is somewhat different 
in character from the known Tertiary floras but is, nevertheless, more 
like them than it is like any known Mesozoic floras. 

TBBTIABY BOCKS. 

The Tertiary rocks consist of three sedimentary formations over- 
laiQ unconformably by basaltic lavas and tuffs and intruded by many 
dikes, sills, and stocks. 

ABKOSE, CX>NGLOMERATE, AND SHALE. 
ABXAL BIBTBIBTmOir. 

The rocks grouped under the above heading are foimd in a belt 
extending along the northern border of the Matanuska Valley from 
the Little Susitna to Chickaloon River. They are known to occupy 
a considerable area in the Talkeetna Moimtains between Granite 
Creek and Kings River and probably occur at other points withia the 
mountains. They have not been recognized south of the great fault, 
which, throughout the area represented on the detailed map (PL V, 
in pocket), marks the northern edge of the Matanuska Valley proper. 

UTHOLOGIO CHABAOTSB. 

The arkose, conglomerate, and shale are highly indurated, in this 
respect, as in other lithologic characteristics, differing from the other 
Tertiary rocks, described on pages 42-64. 
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The rocks exposed in the ridge north of Moose Creek are principally 
arkose, with a few beds of shale. The arkose is fine grained and con- 
glomeratic in places, but the con^om^ratic feature nowhere predomi- 
nates. The rocks have a dark-brown to gray color and contain aD 
the essential constituents of granite. Quartz, feldspar, hornblende, 
biotite, and chlorite can be easily recognized. Locally the feldspar 
is much kaolinized. The chlorite gives the whole rock in places a 
greenish tinge. Much of the arkose somewhat resembles an igneous 
rock. Some of it is so much like granite in appearance that its sedi- 
mentary character is recognizable only by a few rounded pebbles and 
carbonized plant remains. On the other hand, the arkose grades into 
conglomerate so that no definite line can be drawQ between them. 

The exposures on the northern slope of the ridge (see PL Vlll) 
show a thickness of over 1,500 feet of bedded rocks with no faulting. 
The outcrops on the crest of the ridge consist in some places of cross- 
bedded granitic arkose and in others of fine-grained conglom^tie 
arkose with small amounts of sandy shales and micaceous sandstones. 

The conglomerates seem to be best developed north of Castle 
Mountain, where they are faulted against the Eska conglomerate, 
giving an excellent opportunity for the recognition of the essential 
Uthologic characteristics of each formation. The following is a 
description of beds exposed in the creek entering Chickaloon River 
from the west a mile above the Government bridge. This credc 
emerges at an elevation of about 1,500 feet from a gorge with over- 
hanging walls of sandstone and conglomerate. The conglomerate 
is the fine-pebble, well-indurated kind seen in Doone Creek north of 
Castle Mountain. The pebbles are mostly imder 1 inch, thou^ a 
few are 2 or 3 inches in greatest dimension, and are mostly of quartz 
and dark quartzite, the latter most abimdant. They are not well 
rounded and are set in a matrix of fine conglomerate or coarse grit 
The sandstone is more indurated than that of the Chickaloon forma- 
tion and resembles more closely some of the sandstones of the Upper 
Cretaceous. 

Conglomerate extends up the creek to an elevation of 1,660 feet, 
giving a thickness of several hundred feet. It becomes coarse 
upstream, containing numerous pebbles 3 to 5 inches in length. 
Some 4-inch pebbles of shale were seen. At no point do these beds 
resemble those of the Eska conglomerate. 

At elevation 1,660 feet there is a sharp (fault?) contact of con- 
glomerate with shale which resembles that of the Chickaloon forma- 
tion, but is somewhat more indurated. The bedding of both rocks 
and the contact plane are vertical. The contact strikes N. 55® E, 
The shale is of no great thickness and is succeeded a short distance 
upstream by conglomerate. 
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A. EXPOSURE OF ARKOSE IN CLIFFS ON NORTH SLOPE OF RIDGE NORTH OF MOOSE CREEK. 



B. GENTLY DIPPING ARKOSE IN WEST END OF RIDGE NORTH OF MOOSE CREEK. 
The crest of the ridge shows remnants of old smooth topography into which glacial erosion has cut cirques 
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Conglomerate, sandstone; and shale in rapid alternation extend 
from elevation 1,660 feet to 1,780 feet. The conglomerate pre- 
dominates in the ex]>osure6, but the three rocks are probably of 
about equal bulk. 

At elevation 1,780 feet is an expoeiu'e of much broken sandy shale, 
some beds of which are very carbonaceous. One or two beds, now 
reduced to a crushed mass, are so black as to suggest that the beds 
were coal or coaly. These are less than 1 foot thick. 

8T&ATI0KAPHIC BXULTIOVS. 

The arkosic rocks rest upon an approximately even surface of 
granite, this contact being at all observed points parallel to the 
bedding of the sediments. The contact in the mountain west of 
Kings River at the edge of the area shown on the detailed map (PI. 
V, in pocket) is at an elevation of about 4,500 feet and, like the 
bedding of the arko^e at this point, is practically horizontal. The 
rocks are more steeply folded in the valley west of this moimtain 
and in the ridge north of Young Creek, but the dips, which are domi- 
nantly northwest, are essentially parallel to the basal contact with 
the granite. The same condition exists in the ridge north of Wish- 
bone Hill except that the bedding and the contact with the granite are 
both steeply inclined toward the south. Similar conditions appar- 
ently exist on the ridge north of Moose Creek. (See Pis. VII, B, 
p. 28; XIV, A, p. 72; and XV, p. 72.) 

The contact of the base of the arkosic rocks with the granite is a 
sedimentary contact. The evidence for this statement consists in 
the uniform parallelism of the contact with the bedding, in the 
absence of any recognized marginal f acies in the granite or of any 
apophyses from it, in the presence in the arkose of detritus similar 
to the granite in composition, and in the absence of any contact 
metamorphism in the sedimentary rocks. The lack of evidence 
that there are granites anywhere in Alaska which are young as this 
arkose is corroborative evidence that this granite is not intrusive 
into the arkose. 

The arkosic rocks are also in contact with the other Tertiary rocks 
and with the Cretaceous and Jurassic sedimentary rocks. These 
contacts, so far as observed, are faults. (See Pis. XV and XVI, p. 72.) 
The absence of any observed sedimentary contacts of the arkosic 
i'ocks with the Upper Cretaceous rocks which should underlie them 
or with the other Tertiary formations which, it is believed, should 
overlie them leaves the exact stratigraphic position of these beds 
more or less in doubt. These rocks have been separated from the 
other Tertiary sedimentary beds described below on the basis of their 
predominantly arkosic character, greater degree of induration, and 
absence of coal. There is little dou^t that these rocks are for the 
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most part low in the local Tertiary sequence and include the basal 
beds, although possibly the assemblage represented on the map 
includes in part the marginal facies of some beds higher in the Ter- 
tiary, as well as higher beds not necessarily marginal but now. occur- 
ring in structural zones in which they have been deformed to a degree 
not permitting their separation from the basal or mai^inal deposits. 
The thickness of these beds exceeds 2,000 feet. 

FLOBA. 

Fossil plants are abimdant in many of the shaly beds of this group 
of rocks, but are in general not well preserved on account of the 
intense deformation which the rocks have undergone. The following 
species were identified by Arthur HoUick from material collected by 
the writers in 1910: 

5900. Sheep Valley, 6} miles N. T"" £. of mouth of Kings River, elevation 4,400 feet* 
Populus aictica Hear. 
QuercuB platania Heer. 
Age, "Arctic Miocene" (Eocene). 

Paige and Knopf collected the following species, which were iden- 
tified by F. H. Kiiowlton, in 1906: 

Arkose Ridge» north of Mooee Greek: 

Taxodium distichum miocenum Heer. 
Taxodium tinajorum Heer. 
Populus ep.? 

Ficus? grOnlandica? Heer. 
Paliurus colombi Heer. 
Fruits, cf . Leguminosites sp. 
Age, apparently Eenai. 

CHICKALOON FORMATION. 
ABXAL BIBTRZBITTIOir. 

The Chickaloon formation covers the greater part of the valley of 
Chickaloon River, south of Castle Mountain, or south of a j>oint about 
6 miles in an air line above the mouth of that stream. This area 
extends west to Kings River, the same formation occupying the 
eastern bank of Kings River between points about 6 miles and 8 
miles above its mouth. It also extends south of Matanuska River 
from a point 2^ miles below the mouth of Chickaloon River at least 
to a point 4 miles above its mouth, and it extends east of the area 
which was mapped for an imknown distance, possibly as far as the 
mouth of Hicks Creek. 

The same formation occurs in three small detached areas in the 
valley of Kings River, one of which is on the banks of Kings River 
from 5 miles to 6| miles above its mouth and the other two are od 
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Young Creek near its mouth and in the upper part of its valley. The 
outcrops in the areas near the mouth of Young Creek and on Kings 
River 6 miles above its mouth are possibly parts of the same mass, 
the apparent disoontinuity being due to the presence of a gravel sheet, 
which conceals the underlying rocks except in cliffs. 

The Chickaloon formation is also exposed in the banks of Eska 
Creek, on Moose Creek, and on the north bank of Matanuska River 
for about a mile below the mouth of Moose Creek. These exposures 
are probably all parts of one general body, much of which is covered 
by gravels. 

LITHOLOGIO OEABAOTXB. 

The Chickaloon formation consists of a rather monotonous succes- 
sion of shales and sandstones. The shales, which predominate over 
the sandstones in aggregate thickness, are gray to drab, rather soft 
and inclined to disintegrate on exposure, poorly bedded, and without 
well-defined joint planes. Most of the beds are rather gritty and 
vary in grain along the bedding. They contain many nodules and 
lines of nodules of iron carbonate, some of which form fairly per- 
sistent beds. The sandstones are yellowish, rather soft, of diverse 
grain in the different beds and of varying grain in the same bed, and 
for the most part feldspathic; in general, the individual beds are not 
very persistent. The thickness of the formation is doubtful but 
appears to be at least 2,000 feet. 

Fossil leaves are present in both the shales and the sandstones, 
and are especially abundant and well preserved in the beds carrying 
iron carbonate. 

The coal beds are numerous. There is no evidence as to their 
exact position within the formation or as to the persistence of individ- 
ual beds or groups of beds. 

The sections given on the following pages are typical of the litho- 
logic character, although none of them represent anything near the 
full thickness of the formation nor is their exact position within the 
formation known. 

Section in the Chickaloon formation at the bend of Chickaloon River half a mile above 

Chickaloon coal camp. 

Ft. in. 

1. Gray shale with occaaional concretiooB 16 

2. Hard clay shale, nodular 2 6 

3. Fiflsile gray shale with iron balls 16 

4. Dark-gray limestone 1 

5. Dark fissile'shale 4 6 

6. Micaceous sandstone 2 6 

7. Dark liver-colored fissile shale containing strata of iron con- 

cretions 2 

8. Arkose 1 

9. Dark fissile shale 12 

10. Ironore 3 



Digitized by VjOOQIC 



44 THE LOWSlt MAtAiruSKA VALLEY, ALASKA. 

Ft to. 

11. Black shale 9 

12. Carbonaceous shale and bone 6 

13. Black shale 3 

14. Dark fissile shale with many strata of ironstone nodules 33 

15. Carbonaceous shale 2 

16. Dark shale with thin strata of ironstone balls 23 

17. Ironstone with fossil gastropods ^ 6 

18. Dark shale with many streaks of iron ore 6 

19. Soft black carbonaceous shale 6 

20. Ironstone 6 

21. Dark fissile shale with bands of ironstone 35 

22. Massive sandstone 10 

23. Black shale 6 

24. Coal, with some bone and shale ' 14 

25. Shale and sandstone 10 

26. Coal, with some bone and shale 8 9 

27. Dark shale 6 

28. Dark shale with coal streaks 2 

29. Shale with sandstone and ironstone bands 19 

30. Sandstone with sandy shale bands 9 

31. Shale 1 

32. Coal, impure, mnch distorted and changed by heat 5 6 

33. Shale with iron bands 9 

34. Sandstone (in roll) 4 6 

35. Shale 7 

36. Diabase siU, with local occurrence of natural coke on top. . 11 

37. Irregular mass of coal and carbonaceous matter much 

distorted by the sill 15 



300 3 



Section in the Chickaloan formation beginning at eait end of the outcrop m the bh^f^ 

Ckickaloon coal camp. 

Ft. In. 

Coal bed 15+ 

Gray shales with ironstone bands and nodules; lower 6 feet 

thickly packed with large nodules 21 

Carbonaceous shale 1 6 

Coal bed » 8 3 

Shales and sandy shales with many sandstone lenses and iron- 
stone nodules ^ 27 3 

Grayshale 7 8 

Carbonaceous shale with thin coal streaks 9 

Sandy shale and sandstone with ironstone 8 6 

Fissile carbonaceous shale 1 2 

Coal bed* ;. 4 6 

Shales with many ironstone bands 21 6 

Coal, clean, bright ^ 1 8 

Shaly sandstone ' 1 5 

Coal with shaly bands 1 2 

> Fossils in lots 3316 and 6608 (see p. 52) were collected from this bed. 

sThis bed and the bed at the top of the f<dlowing section are at abont the same horixon and pn^M 
are the same bed. 

* This is the lowest coal represented in section 9 (p. 79), at the entranoe of tunnel A. It isalv (^ 
lowest coal bed in section 13, tmmel 2 (p. 80). 

* This is the lowest shale bed in section 11 (p. 80), at the entrance of tnnnd B. 

* This is the lowest coal in section 16 (p. 80), near the eotranoe of tunnel 8. 
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Ft In. 

Largely concealed, chiefly ahale * 10 10 

Hard sandstone; weathers rusty 9 

Gray shaly sandstone 1 6 

Bluish nodular shale with sandy lenses and ironstcme nodules. . 12 9 

Coal 7 6 

Coalandshale 4 4 

Black waxy shales with thin coaly streaks, sandy at top 2 9 

Gray sandy shales' (one-eighth inch coal streak near top) 10 

(Continuity doubtful.) 

Dirty coal and carbonaceous shale with thin coal lenses 2 4 

Gray sandy shales with many bands of ironstone nodules, grad- 
ing laterally iato massive gray sandfltone 30 

Coal, varying greatly in character along strike and contain- 
ing large silicified sticks 1 3 

Gray shale and ironstone nodules 9 7 

Concealed 25 

Gray shale with thin carbonaceous shales, ironstone nodules and 

sandstone lenses 10 6 

Coal and carbonaceous shale 9 

"Waxy" carbonaceous shale 6 

Gray shale with ironstone nodules 7 6 

Coal bed » 7 11 

Nodular gray shale, ironstone concretions in band at base 7 

Gray shale as above poorly exposed 19 6 

Concealed but probably gray shale with ironstone and a little 

carbonaceous shale containing coal streaks 28 

Coaly shale and coal, in places bony 5-8 

Gray shale with ironstone nodules and sandy lenses 9 6 

Carbonaceous and sandy shales and sandstone, partly concealed. 11 6 

Shale 7 

Sandstone 2 9 

Thin beds of sandstone with 6 inches of ironstone 4 4 

Carbonaceous, fissile shale with small coal lenses, 2 inches or less 

thick, much crumpled 8 

Sandy nodular shales with large sandstone lenses and laige iron- 
stone concretions 29 

Gray nodular shales and carbonaceous shales with short Iftises of 

coal up to 2 inches thick '. 0-2 6 

Gray nodular and sandy shales, fissile and carbonaceous at the 
top, grading laterally into and interleaved with shaly sand- 
stone containing numerous ironstone nodules 19 6 

Dark-bluish nodular shale chiefly, with carbonaceous shale and 

thin coal lenses, sandstone lenses, and ironstone nodules 8 

Bluish dark leaf-bearing shale with very thin coaly streaks and 
several ironstone bands laterally overlapping sandstone lens. . 7 9 

"Waxy" fissile carbonaceous shale 4 

Shaly sandstone and shales with ironstone nodules, varying 

rapidly in character laterally 9 9 

Fissile carbonaceous shales, with coaly streaks, gray sandy 

shales, and ironstone ^ 9 3 

Nodtdar sandy shales with several bands of ironstone concretions. 11 6 
Gray sandstone, grading laterally into sandy shales, and laige 
ironstone nodules 9 10 

t This bed is probably the none as the shale at the entrance of tnnrel C. (See seotlon 16, p. 80.) 
ff Tmrnel D (see section 17, p 81) begins near the base of this bed. 
'Detailed measonments ol this bed are given in sections 18 and 20 (p. 81). 
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Ft UL 

Sandy shales and ironstone nodules 7 3 

Sandy shales with small coal streaks and lensesand a few small 

ironstone nodules; carbonaceous shale at top 4 9 

Sandy shales and thin sandstone lenses 9 

Gray speckled sandst<Hie with carbonized ptukt remains and bits 

of coal 3 4 

Dark leaf-bearing and gray shales cimtaining thin bands of iron- 
stone nodules and a lens of coked cAialy coal at base 8 

Diabase sill. 

Gray shale 1 10 

Sill (probably not extensive). Below this sill the exposure is 
continued in the cliff along Chickaloon River but is more or 
less concealed by slide or is inaccessible. 
Gray sandy shales and dark carbonaceous shales and thin sand- 
stones containing a 15-foot sandstone bed and several diabase 

sills; estimated diickness 200 

Heavy diabase sill. 

Shales, dominantly gray and concretionary, with intercalated 
sandstone beds and lenses and ironstone concretions; com- 
puted thickness 30 

Diabase sill. 

Gray sandy and concretionary shales with five or more thin iron- 
stone bands and thin lenses of sandstone in lower part; com- 
puted thickness 104 

Gray sandstone 4 3 

Sandy shales and thin sandstones 28 

Diabase sill. 

Thin-bedded and slightly cross-bedded sandstone 13 6 

Shale 1 

Concealed. 

Shale (including 5}-foot sill); estimated thickness 90 

Concealed 40 

Dark-gray and brownish shales with ironstone nodules and in 

part sandy; computed thickness 176 

Concealed. 

Gray thin cross-bedded sandstone and sandy concretionary shale. 20 

sm. 

Dark-gray shale with ironstone band 4 

1,218 
Concealed. 
SiU. 

A similar succession of beds is repeated through the remaining 1} 
miles down Chickaloon River, but could not be measured or reliaUy 
estimated because of the folding of the beds and the recurring inte^ 
ruptions of the outcrop. The above section is over 1,200 feet thick, 
and in the lower li nules of Chickaloon River and along Matanuska 
River below the Chickaloon there is perhaps as much more exposed. 

On Boulder Creek from a point at about the east edge of the ares 
shown on the detailed map down to a point half a mile above the 
mouth of the creek there is a nearly continuous exposure of the 
Chickaloon formation in which there is no sign of interruption er 
repeating of beds. Neither the top nor the base of the formation ^ 
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exposed. The strike and dip are nearly uniform, averaging N. 76** 
W., 34*^ NE., through 6,400 feet in a direction N. 83^ E. From these 
figures the thickness of the section is estimated at 1,240 feet. 

On a creek tributary to Chickaloon River opposite Boulder Creek, 
from a point about 8,000 feet above the mouth of the creek to a point 
about 2,000 feet farther upstream, is a continuous section approxi- 
mately 1,060 feet thick. The lower half consists chiefly of light- 
colored sandy shales; the upper half is made up principally of dark 
shales with thin sandstone beds and many thicker beds of carbona- 
ceous leaf-bearing shales which include numerous minute coal lenses. 
Several fossil logs and tree stumps, one of which is 20 feet long and 
stands normal to the bedding, were seen.. Below this section the 
exposmres are interrupted and the structure is not uniform, but it 
is certain that there are at least 200 feet of lower beds into which 
two or more considerable sill-like masses of gabbro are intruded. 
Above this section there are several himdred feet of sandstones, 
shales, etc., below the base of the Eska conglomerate in Castle Moim- 
tain. In this section no important coal beds were seen, and it is 
presumably above that part of the Chickaloon formation appearing 
in the section along Chickaloon River. (See pp. 43-46.) 

Section in the Chickaloon formation on the east bank of Kings River at the bend below the 

coal camp. 

Porphyry sill. Ft. In. 

Dark shale 51 6 

Sill of fine-grained basic rock. 

Dark shale with ironstone nodules 16 

Coal bed* 3 9 

Carbonaceous shale 1 2 

Gray shale with ironstone nodules near base 3 6 

Sandstone and sandy or concretionary shale 3 4 

Gray concretionary shale 4 4 

Coal bed* 1 3 

Gray shale with ironstone nodules 15 

Gray shale, becoming sandy toward base 6 

Shale and sandstone 5 3 

Gray shale with ironstone nodules 37 

Ironstone 1 

Shale 3 8 

Sandstone 1 3 

Shale with ironstone concretions and some sandstone 6 3 

Gray shale 15 

Concealed 10 

Sandstone 8-|- 

Shale with concretions 45 

Coal bed* 17± 

A Ite detail! lee ooal section 21, p. 8L 
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Section in the ChidBah(MformaiiUm on Etika Creek 1,100 feet below theforhi.^ 

Ft. In. 

Sandstone 75± 

Shale 1 

Coal IJ 

Shale 2 

Coal 2 1 

Coal, dirty coal, coaly shale, and shale 13 2 

Shale 8 

Thin interbedded coal, shale, and coaly shale; dominantly coal. 11 7 

Shale 3 9 

Shale with thin bands of coal 4 2 

Thin interbedded coal and shale with thin irtmstone bands; 

dominantly coal 12 5 

Shale with some ironstone 13 4 

Coal and shale 2 7 

Shale 3 

Coal and shale; dominantly coal 2 3 

Shale with some ironstone 27 6 

Sandstone 4 

Shale with some ironstone nodules and petrified sticks 19 6 

Ironstone 3 

Shale with bands of coal 1 9 

Coal 1 8 

Shale with ironstone bands 5 10 

Shale with thin coal seams 7 

Shale, sandstone, and ironstone (cliff) 37 

Coal and coaly shale 1 

Shale with several bands of ironstone and ironstone nodulee '. . . 16 6 

Shale with coaly streaks • 3 1 

Ironstone nodules ' 5 

Shale with ironstone nodulee * 3 

Clay ironstone 2 10 

Gray fissile shale ' 4 

Sandy shale somewhat massive 3 

Between the sandstone at the top of the foregoing section and the 
nearest and lowest outcrop of the Eska conglomerate on Wishbone 
Hill, about 0.6 mile to the southwest there are no exposures. About 
If miles west of this section, on the north slope of Wishbone Bill, 
sandstone, overlying shale and coal, outcrops below the lowest expo- 
sure of Eska conglomerate. The concealed stratigraphic interval 
between them is about 200 feet, and it appears most probable that the 
interval between the above section and the conglomerate is at least 
that much. 

1 This KCtlon Is given In greater detail In section 37 (pp. 86-^. 
> These beds yielded fossU leaves (lot 5807; see pp. 50^51). 
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Section in the Ckidtaloon fomuUion on Mataniuka River about one-eighth mile below 

Moose Creek, 

Ft. In. 

Shale 3 

Sandstone 5 

Thin interbedded shale and sandstone 2 4 

Shale 15 

Sandstone 5 

Shale 18 

Coal 4 

Carbonaceous shale 4 

Sandstone 23 

Carbonaceous shale 10 

Coal 6 

Carbonaceous shale 5 

Sandstone 10 

Shale* 3 

Sandstone 1 2 6 

Shale » 1 

Sandstone* 6 

Shale* 4 

Sandstone* 7 6 

Shale* 5 

Sandstone 4 6 

Shale 6 

Sandstone 2 6 

Shale 6 

Sandstone 2 6 

Shale 15 

Sandstone 5 

Shale 10 

Sandstone 3 

Shale 15 

Sandstone 2 

Shale* 18 

Sandstone ^ 5 

Shale 20 

Shale and sandstone 30 



253 7 
FLORA AHD FAXTVA. 

The fossils observed in these beds consist chiefly of leaves, which 
are very abundant though in general not well preserved except in the 
beds of iron carbonate. The following species have been identified 
by Arthur Hollick from material collected by Martin, Katz, and 
Chapin in 1910. 

5692. North bank of Matanuska River, 4,200 feet below Moose Creek: 
Onoclea sensibilis arctica Heer=0. sensibilis fossilis Newb. 
Taxites validus Heer. 

1 Fossil leaves in lot 5892 collected at this horixon. 

s Fossil leaves in lot 5001 collected at this horison. Seep. 50. 

9949**— Bull. 500—12 4 
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Seqaoia langsdorfii (Brongt.) Heer. 

Sequoia nordenskioldii Heer. 

Poacites sp. 

Quercus chamiaBoni Heer. 

Quercus charpentieri Heer. 

Quercufl iraxinifolia Leeq.7 (fragmentary). 

Quercus juglandina Heer. 

Quercus laharpi Gktud. 

Dryophyllum ep. 

AlnuB Idefersteinii Heer. 

Myrica langf^na Heer. 

Myrica acuminata Ung.7 (fragmentary). 

Jugkns denticulata Heer. 

JuglanB heerii Ettingsh. 

UlmuBsp. 

LauruB primigenia ITng.? (fragmentary). 

Crataegus ep. 

Prunus serratula Heer. 

Sapindus undulatus Heer. 

Rhamnus gaudini Heer. 

Pterospermites spectabilis Heer? (fragmentary). 

Apeibopsis deloeei (Gaud.) Heer=Ptero8permum deloeei Gaud. 

Brasenia antiqua Newb.7 (fragmentary). 

Diospyroe sp. 

Viburnum antiquum (Newb.) Hollick=Tilia antiqua Newb. (Leaves td 
fruit; fide Ward, L. F., Bull. U. S. Geol. Survey No. 37, 1887 PI LI fi^ 
2,4-8.) 

Viburnum asperum Newb.? 

Viburnum nordenskioldii Heer. 
Age, "Arctic Miocene" (Eocene). 
5901. North bank of Matanuska River, 4,800 feet below Mooee Creek* 

Glyptoetrobus imgeri Heer. 

Salix reana Heer. 

Quercus laharpi Gaud. 

Quercus myrtilloides Ung. 

Myrica langeana Heer. 

Myrica vindobonensis Ettingsh. 

Juglans bilinica Ung. 

Juglans denticulata Heer. 

Rhamnus eridani Ung. 

Pterospermites dentatus Heer. 

Fraxinus johnstrupi Heer. 
Age, "Arctic Miocene" (Eocene). 
5897. Eska Creek, west bank, elevation 1,100 feet: 

Sequoia langsdorfii (Brongt.) Heer. 

Sequoia nordenskioldii Heer. 

Taxodium distichum miocenum Heer. 

Taxites obickii Heer. 

Phragmites sp. 



Poacites sp. 
Cyperacites sp. 
Typhasp. 
Musophyllum sp. 
Populus acerifolia Newb. 



AH fragmentary. 
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Populus arcUca Heer. 

Populus gaudini Fisch.-Oost. 

Populus hAior Al. Br. 

Populus richardfloni Heer. 

Salix longa Al. Br. 

Corylus iimignifl Heer. 

Alnus kieferBteini Heer? 

Juglans acuminata Al. Br. 

Juglans nigella Heer. 

Ficus grOnlandica Heer. 

Planera ungeri Ettiugah. 

Laurus primigenia Ung. 

Comus macrophylla Heer. 

Pterospermites sp. A very large leaf about 2 feet long by 1^ feet broad. 

Viburnum newberryanum Ward. 

Vibumum nordenskioldii Heer. 
Age, "Arctic Biiocene" (Eocene). 
5896. Young Creek, 0.6 mile northwest of Kings River: 

Flabellaria florissanti Lesq. This lot consists of this one specimen. 
Age, Tertiary, presumably Eocene. 
5902. Shale at diorite contact at big bend of Young Creek, elevation 1,050 feet: 

Populus zaddachi Heer? (fragmentary). Two specimens only in this lot. 
Age, presumably "Arctic Miocene" (Eocene). 
5004. Gulch on north side of Red Mountain, 4 miles N. 5^ £. of mouth of Young 
Creek, elevation 3,500 feet: 

Sequoia langsdorfii (Brongt.) Heer. 

Populus gaudini Fisch.-Oost. 
Age, presufnably "Arctic Miocene" (Eocene). 
5806. Young Creek, 0.55 mile north of 2,350-foot forks: 

Sequoia langsdorfii (Brongt.) Heer. 
Age, presumab^ "Arctic Miocene" (Eocene). 
5899. "2i miles northwest of U. S. L. M. No. 1; elevation 2,750 feet:'' 

Sequoia langsdorfii (Brongt.) Heer. 

Populus arctica Heer. 

Quercus olafseni Heer. 

Pterospermites altemans Heer. 
Age^ "Arctic Miocene" (Eocene). 
5895. "Talus slope at base of cliff, Kings River, east bank, at Coal Camp, 7 miles 
above mouth:" 

Onoclea sensibilis arctica HeeraQ. sensibilis fossilis Newb. 

Tazodium occidentale Newb. 

Populus arctica Heer. 

Viburnum sp. 
Age, "Arctic Miocene" (Eocene). 

The following species have been identified by F. H. Knowlton from 
material collected by Paige and Knopf in 1906 : 

Moose Creek, 25 feet above 11-foot coal seam: 
Sequoia langsdorfii (Brongt.) Heer. 
Ficus? grOnlandicaf Heer. 
Magnolia inglefeldi Heer. 
Fragments of other dicotyledons. 
Age, Kenai. 
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Kings Creek coal: 

Ficus? grOnlandica Heer. 
Populus arctica? Heer. 
Rhanmus eridani Heer. 
Viburnum sp. cf . nordenakioldii Heer. 
Age, apparently Kenai. 
Chkkaloon coal strata, Watson's camp: 

Sequoia langsdorfii (Brongt.) Heer. 
Age, probably Kenai. 

The species listed below were identified by F. H. Knowlton froin 
material collected by Martin in 1905 : 

Chickaloon Rivw, roof U coal bed in section 14 on page 80: 
Taxodium distichum miooenam (Broagt.) Heer. 
Salix varians Heer. 
PopuluB arctica Heer. 
Corylus macquarrii ( F bt h ee ) Hmt. 
Jug^ans nigella Heer. 

In addition to the plant remains^ shells have beea found in the tbio 
ironstone (No. 17) in the section on page 44 of this report. Stanton 
says of two collections from this locality: 

3316. Bend of Chickaloon River, half a mile abeve Watson's coal camp: This lot 
consiflts entirely of fresh- water gastropods, of which all but one specimen belong toi 
single species of Viviparus of a type that occurs in both the Upper Cretaceous and the 
Tertiary. The other spec imen is a mora slender form, too imperfect for generic de(e^ 
mination. These fossils are apparently undeecribed species— at least they we sev 
to Alaska — and they do not fix the horizon more closely than is above indicated. 
6698. Bend of Chickaloon River above big coal outcrop* 
Viviparus sp. 

Probably Eocene. 

A0B AVD OOBESLATIOV. 

The Chickaloon formation is shown by its §ora to be certainly 
Tertiary and probably Eocene. It is the local equivalent of at least 
part of the Kenai formation of Cook Inlet and is the approximate 
equivalent of the Tertiary ooal-bearing rocks which are piesent in 
many parts of Alaska. 

BSKA GONOLOMEBATB. 
ABKAL DIBTSIBUnOV. 

The Eska conglomerate occupies two areas. Ose esteads west- 
ward from the valley of Eska Creek, from which the formation is 
named, to Moose Creek, outcropping in beautifid exposures in the 
cliffs of Wishbone Hill. The other is in Castle Mountein, extending 
eastward for 4 or 5 miles beyond Chickaloon River. 
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BULLETIN BOO PLATE IX 



A. ESKA CONGLOMERATE ON WEST WALL OF VALLEY OF ESKA CREEK AT EAST END OF 

WISHBONE HILL. 



B. ESKA CONGLOMERATE IN WEST END OF CASTLE MOUNTAIN. 
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UTHOLOOIC CHARACTXB. 

The Eska conglomerate is about 3,000 feet thick and consists of 
predominantly coarse conglomerate in massive plates interbedded 
with a very subordinate amoimt of coarse sandstone. 

As exposed in Wishbone Hill the Eska conglomerate (see PI. LK, 
A) consists of massive beds of conglomerate in thick plates with some 
intercalated lenses of coarse sandstones and a small amount of sandy 
shale. The bedding of the formation is marked only by the inter- 
calated sandstones. The conglomerate is structureless save for a 
shingling which is only locally distinct. The sandstones are com- 
monly cross-bedded and in some places strongly so. The dominant 
color of the formation is a light tawny red. Some of the sandstones, 
however, are whitish or gray. The rocks vary from coarse-grained 
sandstones or fine conglomerate in which the matrix preponderates 
to rocks crowded with pebbles up to 6 inches in diameter. Individual 
beds of fconglomerate range in thickness from a few feet up to 75 
feet. The sandstone beds are geiim*ally thin, although one 25 feet 
thick was noted. The pebbles range in size up to 8 inches, but most of 
them are between half an inch and 4 inches. They are well worn into 
a variety of shapes, of which subround, flattish, and elongate pre- 
dominate. Some are subangular to shapeless, yet with well-worn 
comers and edges. . The pebbles consist of porphyries of intermediate 
composition, which are the most abundant, granites, fine-grained 
igneous rocks, quartzites, and vein quartz. The matrix is sandy or 
arkosic. The conglomerate is all well indurated, yet it is more 
resistant where cemented along fractures, so that combs from a few 
inches to 1 or 1^ feet high and several inches thick stand up above 
the general sm*f ace. 

Some obscure fossil sticks were found in sandstone near the simmiit 
of Wishbone Hill. 

On Moose Creek about IJ miles above the ford on the Chickaloon 
trail, the conglomerate immediately overlies the Chickaloon formation. 
It is composed chiefly of granite; the matrix is of granitic d6bris, and 
the bowlders are biotite granite and diorite. Among the smaller 
pebbles are also alaskite, gneiss, graywaeke, metamorphic rocks, and 
quartz. The material is, for the most part, considerably under 1 foot 
in diameter, but there are a few large bowlders up to 4 feet in length. 
Lenses of arkosic sandstone occur within the conglomerate. The 
formation here is less indurated than on Wishbone Hill. The outcrop 
is crumbly and the bowlders are easily removed with a hammer. 

On Castle Mountain the formation consists of conglomerate beds 
from 6 feet to at least 50 feet in thickness interbedded with strata 
of arkosic sandstone from 2 inches up to 30 or 40 feet thick. (See 
PI. IX, B.) The beds of arkosic sandstone are fairly persistent, but 
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some are lenticular. Small beds of finely laminated sandstones were 
seen. The basal beds of the conglomerate contain pebbles up to 
nearly 12 inches in diameter. About half of the pebbles are por- 
phyries, acidic types predominating, and about one-third are black 
and dark-colored basic aphanitic igneous rock. The remainder are 
quartz, granite, diorite, other igneous rocks, greenstones, and variom 
metamorphic rocks. The matrix consists of sandy material, with 
fine particles of igneous rocks, such as porphyries and traps, uid daik 
minerals, such as hornblende and biotite. Locally the beds of sand- 
stone grade into the conglomerate, but as a rule the contacts betveea 
them and the conglomerate are fairly definite. The sandstone itaeK 
is generally conglomeratic. It is essentially the same as the matrix 
of the conglomerate. The rocks in Castle Moimtain are somewhat 
lighter colored than those in Wishbone Hill. This is due largely to 
the greater preponderance of porphyry pebbles which weather readify 
to a pal^-green color. 

AttB AVD OOmmXLATIOV. 

V 

The Eska conglomerate rests upon the Chickaloon formation witii- 
out observed imconf ormity. It is overlain unconf ormably by basaltic 
lavas and tuffs. No determinable fossils have been f oimd in it, so 
the only conclusion that can be drawn regarding its age is that it is 
certainly Tertiary and is possibly the equivalent of the Miocene con- 
glomerates which have been recognized at several points along the 
Pacific coast of Alaska. 

BASALTIC LAVAS AND TUFFS. 

The rocks forming the stunmit of Castle Moimtain are basic vol- 
canic rocks, most of which weather to a conspicuous red color. Thev 
comprise dense fine-grained black basalts and gray and reddish-grmy 
amygdaloids and rocks of vesicular flow texture interbedded with 
tuffs and breccias of like material. There are some shale, sandstone, 
and conglomerate lenses ( ?) within the tuff and breccia beds. The 
lava beds are for the most part dense but in some places have columnar 
structure in their lower parts and are vesicular in their upper parts, 
being therefore clearly flows. The denser, more crystalline parts 
are composed of minute grains of feldspar and augite. The rock is 
similar to that described by Paige and Knopfs as an acidic olivine* 
free basalt composed of doleritic aggregates of labradorite (Ab^AnJ 
and augite, with plagioclase as the dominant constituent. These 
basalts have very much the same composition as the gabbros and 
diabases that intrude the coal measures (pp. 63-67). 

1 Paige, Sidney, and Knopf, Adotph, Geologic reoonnainaiioe in the Matemoka and Tallmwtna 
Alaaka: Buil.U.8.Oe(d.8t]ryeyNo.337,1907,p.80. 
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The section in the summit of Castle Mountain (see fig. 1) is as 

follows: 

Section in summU of Castle Mountain. p^^ 

Dense basalt 130 

Tuffs, breccias, and vesicular lavas 170 

Dense basalt, in part columnar at the bottom and vesicular at the top. 250 

Tufis, breccias, shale, sandstone, and ccmg^omerate 90 

Dense and amygdaloidal basalts 210 

Unconformity. 



Eska conglomerate. 

^ Elevation 6050feet 



Dense basalt 




HI lltlltlllliU)! ^ 



Tuffs, breccias, and 
vesicular lavas 



Dense basalt, in part columnar 
at bottom, vesicular at top 



850 

The basalts lie upon an 
eroded but generally even 
surface which truncates the 
Eska conglomerate at a 
small angle (5®±). 

The base of the volcanic 
rocks is a dense, veiy fine 
grained basalt which appar- 
ently grades upward into 
a vesicular flow breccia. 
This is succeeded by beds of 
basalt, brecciaS; and tuffs 
with small amounts of sand 
and shale, all apparently 
strictly conformable and (on 
Castle Moimtain at any rate) 
undeformed. Except the 
unconsolidated alluvial de- 
posits, these basalts are the 
youngest rocks in the rc^on. 
Their equivalence with the 
gabbros and diabases has 
been suggested by Paige and 
Knopf.* 

TEETIAKY INTEUSr^B BOCKS. 

The igneous rocks which 
invade the Tertiaiy sedi- 
ments of the r^on mapped 
on Plate V (in pocket) fall 
into three groups which are 
to some extent but not sharply differentiated by their areal dis- 
tribution and lithology. The threefold grouping is as follows: (1) 
Diorite porph3rrie8, indading light-colored, usually porphyritic, 
fine-grained rocks of andesitic, diorite porphyry, and granite por- 

iOp.oit.,pp.80-^ 







Tuffs, breccias, shale, sandstone, 
and conglomerate 



Dense amygdaloidal basalts 



-Elevation 5200 feet 



\ Eska conglomerate 



100 



200 - 300 Feet 



FuuBS 1.— CoIninDar section in sommlt of OMtto 
Mountain. 
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phyry habit, which occur in the south-central portion of the region, 
especially in a large mass between Young Creek and Kings Rhrer, 
and in many smaller bodies in adjoining areas; (2) trachytic rocks, 
including greenish and brownish felsitic or porphyritic rocks which 
occur in two areas near the upper part of Young Creek; (3) diabases 
and gabbros, including bluish-gray to dark-green and blade aphanitic, 
porphyritic, and coarsely crystalline diabases and gabbroe, which 
are found abundantly east of Kings River but also sparingly throu^ 
out the other parts of the region. 

I>IORITB PORPHTBZBS. 

▲RBAL DISTRIBUTION. 

The diorite porphyries are in general restricted to an area eczteod- 
ing eastward from the lower part of Young Creek to the lower paii 
of Chiekalocm River. 'Within this area they are the more aboB^kiit 
intrusive rocks present. Small masses of rocks of similar peto>- 
graphic character were noted along the creeks north of Castle Moun- 
tain and along Carbon Creek, in areas in which the diabasee and 
gabbros are the dominant intrusive rocks. 

Hie larger intrusive masses recognized are situated as follows: 
In the hill between the lower course of Young Creek and Kings 
River and north of the lower course of Young Creek is an irregular 
area 5 miles long and, near its west end, 2 miles wide. Plate XI, A, 
shows the west end of this mass. In the hills west of the lower part 
of Chickaloon River and north of Matanuska River there are eighi 
or more isolatisd exposures within an area of 2 or 3 square miles. In 
the top of the east bank of Kings River is a large sill whidbi ^ould 
probably be regarded as a prominent apophysis of the mass first 
noted above, and similarly the laige dike and sills (see PL XI, B) 
in the south bank of Matanuska River belong with the second mass 
noted above. 

FBTROOBAPHIO CHABACTBR. 

The rocks described under this heading are all light-colored ]>or- 
phyritic types ranging in composition from granite porphyries through 
soda syenite porphyries and diorite porphyries to augite andesites. 
The potash feldspar, orthoclase, is not an important constituent of 
any of these rocks and was not detected in most of them. They are 
also to some extent characterized by the presence of a colorless 
orthorhombic pyroxene and by a paucity of mica. 

In the northern and western parts of the large mass which ]xes 
between Yoimg Creek and Kings River, in the neighborhood of 
Young Creek (PL XI, A), there are li^t-gray porphyritic rocks in 
which the groundmass preponderates over the phenocrysts. The 
phenocrysts are chiefly small white or glassy feldispars; some rocks 
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U. S. OEOLOQICAL SURVEY BULLETIN SOO PLATE X 



A. TERTIARY LAVAS UNCONFORMABLY OVERLYING ESKA CONGLOMERATE ON CASTLE 

MOUNTAIN. 



B. ESKA CONGLOMERATE OVERLAIN BY SMALL CAP OF TERTIARY LAVA ON SOUTHEAST 
SPUR OF CASTLE MOUNTAIN. 
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U. S. GEOLOGICAL SURVEY BULLETIN BOO PLATE XI 



PORPHYRY SILL (?) IN VALLEY OF YOUNG CREEK. OVERLYING CHICKALOON FORMATION. 



B. PORPHYRY SILLS AND DIKES IN UPPER CRETACEOUS ROCKS ON SOUTH BANK OF MATANUSKA 
RIVER 2.7 MILES BELOV\^ CHICKALOON RIVER. 
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also contain in considerable amount a dark ferromi^esian mineral, 
which is often found thoroughly weathered and then appears as small 
black spots. The gray groundmass is either fine grained or very fine 
grained to aphanitic. In some speeimens there are vesicles partly or 
wholly filled with a pearly, pale leek-green mineral and some calcite. 
The weathered rocks are commonly yellowish or tawny, and some 
develop very uneven surfaces. The type specimen, an augite ande- 
site, under the microscope shows feldspar and augite phenocrysts. 
The feldspar is chiefly lalmtdorite-bytownite and less albite-oligoclase. 
Zonal growths in which the more acidic feldspars form the outer rims 
are common. The augite is in almost colorless large subhedral grains. 
There are also smaller grains of this mineral which approach in size 
the constituMits of the groundmass. The groundmass contains the 
above-named feldspars and also some orthoclase (?), quartz in con- 
sideraUe amount, and colorless orthorhombic pjrroxene in small 
columnar crystals. Iron oxides and fq>atite are abundant accessory 
constituents. 

Near the northeastern bord^ of the same intrasive mass are quartz 
diorite porphyries. These are moderately fine grained porphyritic 
holocrystalline rocks in "N^ch the phenocrysts about equal or pre- 
ponderate over the groundmass. The phenocrysts, which are closely 
packed, are principally small rectangular white feldspars, between 
which are the darker phenocrysts and the minutely granular ground- 
mass. The feldspars are plagioclase, zonally built, and ranging 
between andesine and labradorite. Other phenocrysts are biotite, 
eoloriess augite, and hornblende. The groundmass is quartz and 
feldspar. The quartz is abundant and partly idiomorphic in a paste of 
feldspars which, though (^^scure because fine and weathered, appear 
to be in part alkalic and in part a lime-soda f ^dspar. Magnetite and 
apatite are accessory constituents. Similar rocks in the central and 
southern parts of the mass have a little more coarsely crystalline 
groundmass and at several places are slightly differ^it in composition. 
In one in which the dai^ phenocrysts are augite and hornblende, the 
feldspar is in part labradorite and in part alkalic feldspar. In 
another, whose daik phenocrysts are hornblende and biotite, the 
feldspar is about andesine in composition. 

Some of the sills and dikes which intrude the coal measures and 
Upper Cretaceous rocks on the east and south of the lai^e intrusive 
mass discussed above are acidic porphyries. These are in particular 
the large sill at the Kings River coal camp, the large sill and dikes on 
Matanuska River below Chickaloon River, and the light-colored 
intrusive rocks along and west of the lower part of Chickaloon River 
(PI. XI, B). They are whitish or light-gray porphyritic rocks. The 
groundmass, which predominates over the phenocrysts, is either 
aphanitic or very finely crystalline. The phenocrysts are chiefly 
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white or yellowish albite (or albite-oligoclase), idiomorphically 
developed. There are also biotite phenocrysts and in some specim^is 
a few of quartz. The groundmass is acidic plagioclase and quartz, 
a small part of the quartz being graphically intergrown with f ddquir 
which may be orthoclase. There is also a small amount of ferro- 
magnesian mineral in the groundmass, but this is weathered beyond 
recognition in the sections examined. Iron oxide and apatite are 
accessory constituents. The rock at the Kings River coal camp has 
erroneously been called a monzcmitic porphyry ^ and mi^t better be 
given the qualitative name soda syenite porphyry. 

A large number of dikes, mostly of small size and very fine texture, 
in the neighborhood of Songs River and the lower part of Chickaloon 
River, are probably delated to the rocks described above. They are 
li^t-colored whitish, gray, or drab fekitea or porphyries. A few 
are amygdular. The rock from one of these dikes, on the ctwk 
north of Castle Mountain, in the hand specimen appears to be a 
uniformly minutely granular and holocrystalline gray rock, but 
under the miax)scope it is seen to be porj^yritic and poesibly in part 
glassy. There is more of the groundmass than of the phenocrysts, 
which are only slightly larger than the individual grains of the 
groundmass. In places in the rock the texture of the groundmass 
is fluidal (pilotaxitic) by parallelism of the lath-shaped feldspars. 
The phenocrysts are altdte and poesibly also quartz. (The quarts 
noted may be secondary.) The groundmass is composed of inte^ 
meshed lath-shaped albite or oligoclase and also anhedral grains of 
clouded feldspar, quartz interstitial between the feldspars in rath^ 
subordinate amount, and abundant small ciTstals of magnetite and 
what appears to be chloritic material after ferromagneaian minerab^ 
or may in part be devitrified ^ass. 

A rock intrusive into the Tertiary sediments on Carbon Creek is a 
light-colored porphyry composed macroecopically of bunches of 
small white feldspar phenocr3^st8 in a gray aphanitic groundmass. 
The groundmass is dominant over the phenocrysts. The feldspar 
phenociysts are albite. The groundmass is composed of small int^ 
meshed lath-shaped feldspars, probably addic plagioclase, with veiy 
little quartz. Iliere is also in the groundmass magnetite and con- 
siderable but obscure weathered ferromagneaian mineral or glass. 
Calcite and chlorite are abundant secondary minerals. 

LOCAX RELATIONS. 

The diorite porphyries and allied rocks are distributed through the 
region between Yoimg Creek and Chickaloon River. They are in 
contact with Upper Cretaceous rocks and Tertiary coal measures. 

1 Martin, O. C, A reoonnfttosanoe of the llataniiaka ooal field, Alaska, In 1005: Bolt U. 8. Oeol. Survey 
No. 380, 1906, p. la. 
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The andesite and diorite porphyry mass between Yonng Creek and 
EingB River is m its central portion a moderately coarse grained 
rocky peripherally a fine-grained holocr3^talline porphyry which is 
in places miarolitic, and at the extreme margin in local narrow bands 
a porphyry with aphanitic groimdmass. The intrusive relations of 
this rock are clearly shown at several points near its border. 

On the west bank of Young Creek, about 1 mile above Kings River, 
Tertiary sediments directly overlie the igneous rock, which is here a 
felsite porphyry. The shales and sandstones are indurated by con- 
tact metamorphism (baked) to hard dense fine-grained rocks, and the 
intrusive is also dense and fine grained, so that the exact contact is 
not easily detected. A short distance down the creek from this 
locality about 30 feet of shale overlies the igneous rock, the surface 
of which is about parallel to the bedding of the shales. (See fig. 2.) 
Near the contact the igneous rock is dense and aphanitic, but at 
a little distance it becomes porphyritic. In the lower foot the 
ahale is very completely indurated and in the succeeding 3 feet is 

T7y Hard nodular thsl* 
>/ ^dd^^D8k«d 8hal« 

■^ Thoroughly induratod ahala 

•»• Diorita porphyry, 
-^ aphanitic at margin 







^oFeet 



FiQTTES 2.~86Ctioii In oUir on Toong Creek, ahowtng relation of diorita porphyry to Tertiary sedfanenta. 

baked to a hard dense rock. About 2 mUes above the mouth of 
Young Oeek, entirely within the intrusive mass, there is a small 
area of Tertiary shales and sandstones. Through a distance of 400 
feet along the creek these rocks lie above the intrusive, which is very 
fine grained, porphyritic, and shghtly vesicular at the contact. There 
are some 30 feet of shales and sandy shale which are nearly horizontal. 
They are baked through a thickness of at least 25 feet and have been 
changed from soft shales to very firm and hard lighter-colored rocks. 
Tertiary shales of the Chickaloon formation are in contact with the 
diorite porphyry about three-fourths of a mile up the first northerly 
tributary of Young Oeek (PL XI, A), These ^ales are indurated. 
They lie along the creek topographically below the diorite porphyry 
in the ridges, so that the diorite appears to overlie the shales. This, 
furthermore, appears to be the general relation of the Upper Cre- 
taceous as well as the Tertiary sediments which are exposed on the 
north side of the diorite porphyry north of Young Creek. 
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Along the fourth mile of Young Creek above the mouth the contact 
of the diortte porphyry with the Tertiary sediments is in the south 
bank. Here tlie igneous and sedimentaiy rocks are faulted against 
each other. There is at some places a fault breoeia zone, 100 feet 
or more wide, affecting both roclra. The intrasiTe potphyry is mudi 
saussuritissed, shattered, and \neined with calcite. The masses d 
shale and other sediments included in the brecciated zone are also 
shattered and veined, but not so extensively as the diorite porphyry. 
(See fig. 8.) At several places on this part of the cre^, along the 
general position of the contact, outcrops of both igneous and sedi- 
mentary rock, slickensided or shattered, indicate movements wfakh 
must have been subsequent to the intruaon, for the evidence ebe- 
where is conclusive tiiat the diorite porphyry is intrumve into the 
Tertiary sediments. There may be faults of considerable magnitude 
that essentialfy' determkie the present surface outline of the rock 




Grav«l and till Coal maaturtf Mamsive Shattered and vcinH Shatteradand 

diorite porphyry diorite porphyry vained shale 
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FiouBB 3.— Seotkm on Young Cnek showing relation of diofite poiidiyry to Torttary sedliiMits. 

masses, or the faults may merely represent slight compensatoiy 
movements during the cooling of the intrusive mass. 

About a mile north-northwest of Kings River Bridge the same 
diorite porphyry mass whose relations to the Tertiary sediments are 
discussed above is in contact with Upper Cretaceous sandstones and 
shales. The contact appears to be intrusive because of the markedly 
porphyritic border phase of the igneous rock and because the sand- 
stones nearest the porphyry are indurated and altered. The sand- 
stones and shales outcrop below and dip toward cliflFs of dionte 
porphyry. The conditions thus suggest that the igneous rock overbes 
the sediments and that it is here the edge of a siU-like or la^coUthic 
mass. 

The above-described contact relations of the diorite porphyry dq** 
are along its western and northern borders. The rock extends soutb- 
eastward to the flats of Kings River, where its limits are obscureo 
by the alluvial deposits of that stream. 
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The many small masses of porphjoies petirographically allied to the 
diorite porphyries are clearly intrusive iato Upper Cretaceous rocks 
and Tertiary coal measures (Chiokalooa formation). Structurally 
they are sills and dikes which are for the most part of regular outline. 
Exc^t the very large sills, they have Uttle or no metamorphic effect 
on the rocks they invade. At Kings River coal camp one siU which 
is 60 feet thick has visibly indurated the shal^ beneath it through a 
distance of less than a foot. 

On Otuckaloon River at several localities the light-colored por- 
phyry siUs parallel the folded beds of the Chickaloon formation, as 
indicated in figure 4. The beds seem to be too sharply and complexly 
deformed to permit an invading magma to follow the folds. It is 
more probable that, had the intrusion been subsequent to the folding, 
the intrusive, rather than insinuating itself for considerable distances 
along single much-distorted bedding planes, would have cut across 
beds along joints and minor faults, which are numerous. It would 
appear, therefore, that the intrusion of the diorite porphyry and allied 
rocks preceded at least a considerable part of the deformation of the 
Tertiary coal measures (Chickaloon formation). This is further 



FiOTTES 4.~Folded beds of the Chiokaloon fonnatloii and sOL 

suggested by the above-discussed fault, which marks part of the 
north boundary of the large diorite porphyry mass and which may 
be of considerable magnitude. 

TILACHTTIC KOCKB. 
ABSAL DIflTa(BUTIOir. 

The trachytic rocks were seen only in the upper part of the valley 
of Young Creek, where they occur in two large masses. One of these 
occupies what is called Red Mountain and the other is about a mile 
northeast of it. 

PKTBOO&APHIO OHABAOTBE. 

The type rocks from Red Mountain are either greenish-gray or 
brown porphyries in which feldspar and mica phenocrysts only are 
visible in a felsitic base. The feldspar phenocrysts are long and 
slender. Under the microscope the several specimens look very 
much alike. They are trachytic (fluidal-textiured) porphyries, the 
groundmass strongly predominating over the phenocrysts. The 
phenocrysts are plagioclase and biotite. The former ranges from 
albite to oligoclase, and some pieces have inclusions of quartz and 
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glass. Most of those examined under the microscope are very long, 
slender laths and appear to have been broken and in part replaced 
by quartz and to have undergone other alteration. Other more com- 
pactly shaped feldspar phenociysts also showed slight crushing 
effects. The groundmass is composed of lath-shaped feldspus 
(acidic plagioclase and possibly also orthoclase), biotite in subhedral 
grains, abundant small idiomorphic crystals of magnetite, and a 
Uttle glass'. Interstitial primary quartz is present in accessory 
amounts only. On the east of Young Creek, opposite Red Moun- 
tain, the roclffl of this group are greenish-gray f elsites with a few sparse 
phenocrysts of feldspar. They are fine-grained and locally slightly 
trachytic rocks which consist of acidic plagioclase (and orthoclase f ) 
phenocrysts and also considerably altered ferromagnesian pheno- 
crysts in a groundmass made up chiefly of acidic plagioclase snd 
quartz. The plagioclase of the groundmass is lath shaped, tor the 
most part irregularly intermeshed but locally in rudely parallel 
arrangement. The groundmass contains also some biotite or pyrox- 
ene, very much decomposed, and a little devitrified glass. Mnute 
crystals of magnetite are abundant, and apatite is a fairly constant 
accessory. One of these rocks is a yellowish-green (weathered) por- 
phyritic felsite which contains minute microscopic red garnets. 
These are about the only phenocrysts visible without the microscope. 
This rock contains considerable quartz in the groundmass, but, save 
for this and the garnets, is very like the rock just described. Some 
of the garnets have macroscopically sharp crystal outlines, but those 
seen in thin section are irregularly bounded. They contain numerous 
inclusions of quartz and other minerals, and are surrounded by cal- 
cite of secondary origin. There is considerable calcite and other sec- 
ondary material throughout the rock. 

The felsitic and porphyritic rocks of this group, taken as a whole, 
are more weathered than the dioritic rocks of the first group. One 
of the trachytic rocks, furthermore, shows slight effects of crushing, 
a phenomenon not developed in the dioritic rocks. 

LOCAL RELATIONS. 

The trachytic rocks were found in Red Mountain and the hills 
northeast of it on the opposite side of Yoimg Creek. Their main 
masses have no visible contacts with other rocks except that some 
dikes of similar character cut the surrounding Upper Cretaceous 
beds and Tertiary coal measures. In Red Mountain the igneom 
rocks of this group occupy the summit and lie at greater elevation 
than the neighboring rocks. Coal within less than 50 feet is not vis- 
ibly different from coal exposed at long distances from the trachytic 
rocks. There is here a suggestion that the igneous rocks overlie the 
sediments. A dike of small size similar in character to the Red 
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Mountain rock cuts folded Tertiary sediments in the saddle west of 
Red Mountain and with them is faulted (t) against Upper Creta- 
ceous shales and sandstones. 

Rocks similar to those of Red Mountain occurring east of Young 
Creek are surrounded partly by Tertiary and partly by Upper Cre- 
taceous sediments, but the relations are obscure except where a large 
dike cuts the Upper Cretaceous beds. 

DIABASB Aim OABBSO. 
ARBAL DISTRIBUTION. 

The more basic igneous masses occur chiefly within an area begin- 
ning at the knoll east of Kings River and at the southwestern base 
of Castle Mountain and extending eastward beyond the region cov- 
ered by the detailed map (PL V, in pocket). The northern boundary 
of this area is along the south base of Castle Mountain, and the area 
is defined on the southwest by a line from the knoll east of Kings 
River southeast across Matanuska River. No intrusives other than 
those discussed under this heading were noted within this area. 
Twenty masses were mapped within the area described above, and 
there are a great many smaller ones. The larger masses are those 
which outcrop in the knolls north and northwest of Chickaloon^ 
along Chickaloon River, and in the hills east of Chickaloon between 
Boulder Creek and Matanuska River. Eight of these have a sur^cial 
extent of one-fourth to one square mile or more. Smaller dikes 
and sills of diabase were seen outside of the general area described 
above, along the gorge of Kings River, on the creek tributaiy to Kings 
River north of Castle Mountain, in the basin of Young Creek, on 
Wishbone Hill, and on Arkose Ridge. 

PBTROORAPHIC OHARAOTBR. 

All the rocks are veiy similar in constitution, although they pre- 
sent considerable differences in appearance. There were seen in the 
region a few small dikes of amygdular basaltic rock of dark color in 
which, under the microscope, only labradorite is determinable in a 
microgranular, much weathered groimdmass. Blue-gray or greenish- 
gray fine-grained sills are veiy niunerous. These are usually ophitic 
in texture and composed of labradorite, augite, and iron oxide. They 
are as a rule considerably weathered, calcite, chlorite, and limonite, 
being developed from the pyroxene. The gabbroic rocks are for the 
most part coarse dark-green to black rocks composed of labradorite, 
common augite, magnetite, and ilmenite. They are slightly ophitic 
in texture, particularly in the finer-grained varieties which form the 
borders of large masses or make up the whole of narrower dikes and 
sills, A number of these are quartz diabases having a notable amoimt 
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of quartz interstitial between the feldspars. In other req>ect8 these 
quartz diabases are not different from the normal diabases of the 
region. In some places lighter-colored bands or dikelike masses, 
usually of small size, traverse the coarse gabbit>s, from whidi tlugr 
differ slightly in teixture and composition. One fine-grained 
contains, besides the usual constituents, zonaUy developed 
dases which vary from bytownite to albite, the interior sx>B68 
the more calcic. This rock contains also primary quartz, 
varieties are coarse grained, composed chiefly of plagio<Jafl|^ 
augite, the former being dominant. Bands of this rock a few f 
thick traverse normal gabbros. Under the microscope th^re 
to be no difference between them other than in size of grain, 
changes abruptly. Olivine gabbros with but little olivine, 
other respects like the usual rocks of the r^on^ were noted mSi 
localities. 

LOCAL RKLATIONS. 

The rocks of this group are developed chiefly in the eastern p«k 
of the region considered, but are also found sparingly in the wertfln 
part. With only one or possibly two exceptions, so far as known, 
they are all intrusive into the Tertiary arkoses and coal measures 
(Chickaloon formation). The exceptions are a small gabbro dike 
which cuts Upper Cretaceous shales in a gulch about 3^ miles north 
of the mouth of Young Creek and a gabbroic rock on the south side 
of Matanuska River 2} miles below Carbon Creek, which is near 
but not in visible contact with Upper Cretaceous beds. In the latter 
occurrence both the petrographic character and the structural rela- 
tions of the rock are uncertain. 

Small basaltic and amygdular dikes and sills occur in Tertiary, 
beds exposed in Arkose Ridge. About 5i miles N. 10® W. of tjie 
mouth of Moose Creek an amygdaloidal basalt, intruded approxi- 
mately parallel to the bedding of the arkose above it, is cut off by a 
fault. Two miles west of this are some very small basaltic dikes and 
sills in shaly members of the same series. 

On the north side of Wishbone HiU, in the sandstone bdow the 
conglomerate, there is a small intrusive gabbro mass. 

In the Young Creek region two diabase dikes were seen on Division 
Creek. One 2 miles N. 75® W. of the mouth of Young Creek is 25 
feet thick. It cuts coal-measure beds about parallel to their strike 
but with opposite dip. 

Gabbro cuts the coal measures on Young Creek about 3 miles up 
from the mouth. The coal at the contact is coked, and the other 
sediments are indurated. The gabbro is exposed for 150 feet. It is 
very fine grained and bluish at the intrusive margin and fine grained 
but distinctly gabbroid elsewhere. Except at the intrusive contact 
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A. DIABASE DIKE ON FAULT IN CHICKALOON FORMATION AT BASE OF CASTLE MOUNTAIN. 



U. DIABASE DIKES AND SILLS IN CHICKALOON FORMATION ON NORTH 
BANK OF BOULDER CREEK. 
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noted its relatioDd are obscured by several diaplacemente. The 
locality is along the faulted contact of coal measures and diorite 
porphyry, and it seems probable, though not at all certain, that at 
one point where gabbro and diorite porphyry appear to be contiguous 
the former intrudes the latter. The faults which cut the gabbro 
appear to be of minor importance and are about normal to the main 
coal measures and diorite porphyry fault contact. 

There are a niunber of diabase intrusions in the Chickaloon forma- 
tion along Kings River. These are in masses from 1 or 2 feet up to 
12 feet thick and of considerable extent which are parallel to or very 
closely follow bedding planes. They have no noticeable metamor- 
phic effect on any beds except where they come into contact with 
coal. A large sill at the Kings River coal camp has coked the lower 
half of a 16-foot coal bed immediately above it. 

East of Kings River the gabbros and diabases are abundantly 
developed in the Tertiary coal measures. The very numerous 
smaller bodies, which are fine grained and ophitic, are usually sills — 
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that is, they are concordant, or approximately so, with the beds in 
which they are seen. A few dikes were noted. Four or five small 
dikes on Matanuska River about a mile below Chickaloon River are 
anastomosing dikes roughly parallel to the dip of the shales which 
they intrude. At a locality near Chickaloon small dikes have broken 
through thin beds of sediments between a number of closely spaced 
sills. (See fig. 5.) A diabase dike 6 to 10 feet thick is intruded on 
a fault near the south base of Castle Mountain. (See PI. XU, A.) 
A number of diabase intrusions on Boulder Creek cut the Ter- 
tiary beds at a very low angle and in part are parallel to the bed- 
ding. A large mass, 20 feet or more thick, through most of its 
length parallels closdy the bedding but at' one point is offset as if 
following a sUght displacement of the inclosing beds. At that point 
there are two branch dikes, one on either side, which appear to fol- 

9949**— Bull. 500—12 5 
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low the joint or fault that has caused the offset in the large dike. 
(See PL XII; B.) In the vicinity of this complex dike are several 
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FiouRK 6.— Section at sonth base of Castle Moantaln, showing relation of gabbro to Tertiary sedimoits. 

others of apparently less extent and very nearly parallel to the 
bedding. 
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loon formation. 

The larger masses of basic intrusive rock, the coarse crystalliDe 
gabbro, are to a considerable extent also injected along beddin? 
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FiovBS 8.-Sectlonin bank of creek If miles northwest ofChickaloon, showing relation of gabbro to Cbiekf 

loon formation. 

planes. They are for the most part either thick sill-like bodies c^ 
flat laccolithic bodies like those shown in figures 6, 7, and 8. Sucii 
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are most of the gabbros south of Castle Mountam and along Chicka- 
loon River. Some, however, break across bedding as is indicated 
in figure 9. 

The gabbro masses east of Chickaloon River and between Boulder 
Creek and Matanuska River are distributed in an arc about a central 
mass of gabbro. This arc parallels the outline of the central mass. 
Sajidstone was observed at one locality outcropping at the outer 
base of the gabbro cliffs and apparently underlying them. At 
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Fiovss 9.— Sectioii in oUfl on east bank of Chickaloon River, showing relation of gabbro to Chl o kalooD 

formation. 

another locahty what is probably the same gabbro injects overlying 
shales. (S^e fig. 10.) The central mass of gabbro which makes 
the hill 2 miles east of Chickaloon is sheeted by a platy parting, and 
along planes parallel to the parting are narrow bands of coarser 
light-colored gabbro. These partings are very probably cooling joints 
developed parallel to the surface of the igneous mass. By their 
attitude they support the suggestion gained from the distribution 

of the gabbro that there 
are here two heavy gabbro 
sheets which are sUghtly 
dished and pitch south- 
west. 

The gabbros and dia- 
bases were nowhere seen 
to be folded like the coal- 
jp Feet measure beds they invade 
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locally and to an unim- 
portant extent. They are probably younger than the principal and 
important deformation which affected the coal measures and there- 
fore are younger than the diorite porphyries and allied rocks. 

aUATEBNABY DEPOSITS. 

The unconsolidated Quaternary deposits of the Matanuska Valley 
include morainic deposits, terrace gravels, and the alluvium on the 
flood plains of the existing streams. These deposits cover the 
greater part of the surface, except on the cliffs and steep moimtain 
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slopes and the higher mountain summits. They are represented on 
the geologic map only in their better development — that is, where 
they constitute the most characteristic feature of the areal geology. 

MOBAIKIG DEPOSrrS. 

Glacial moraine material is present in at least a thin film over 
nearly the entire area here described. It is better developed toward 
the west end of the Matanuska Valley than at corresponding altitudes 
farther east. The gentler slopes of the valley below elevations whid 
rise from about 2,000 feet in the valley of Moose Creek to about 3,000 
feet in the valley of the Chickaloon River are practically all covered 
with moraines except where recent stream erosion has removed these 
deposits or where the slopes are too steep to retain imconsolidated 
material. The glacial deposits are much thicker west of Toung 
Creek than east of it, the reason for this difference lying in the facts 
that the deposits were formed by a large glacier which formerly occu- 
pied the entire length of the valley and that the region below Toung 
Creek was one in which the glacier received only smaller tributaiy ice 
streams and consequently deployed over the lowlands, being there- 
fore less actively erosive than above. The abundance of glacial 
d6bris in this western part of the region indicates that for a long time 
the advance of the ice was so balanced by melting that the foot of the 
glacier was held in this neighborhood, hence the large accumulations. 
This former Matanuska Glacier probably filled the entire valley from 
side to side, its mai^ins coinciding approximately with the present 
positions of the linear mountain fronts which border the valley. It 
probably extended westward beyond the present limit of the valley 
and very likely joined other large ^aciers of similar character to form 
a greater ice mass which occupied at least a part of what is now Cook 
Inlet. Gravel ridges which were regarded as bits of lateral moraine 
and which probably mark a resting stage of the glacier, if not the 
extreme lateral position, were seen at the base of Arkose Ridge, north 
of Moose Creek, at an elevation of about 2,200 feet. These ridges are 
considered as marking the position of the edge of the ice during its 
largest extension of any considerable duration. The distribution of 
the morainic material and the evidence of glacial erosion indicate 
that at this stage the margin of the ice rose steeply eastward, being 
at an elevation of about 3,200 feet between Eska and Granite creeks, 
and at least 3,500 feet in the vicinity of Castle Mountain. East of 
Kings River evidence concerning the precise position of the edge of 
the Matanuska Glacier is not at hand, the problem being complicated 
by the fact that it is impossible to differentiate between material left 
and erosion forms caused by the glacier occupying the main valfer 
and by the small local glaciers which occupied tributary valleys 
and which may or may not have been confluent with the main ice 
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mass. It is certain that many smaller glaciers existed and probably 
every small valley in the high mountams was occupied by one. 

The mountain masses adjacent to the Matanuska Valley were 
probably during the period of maximum glaciation a nest of multi- 
tudes of glaciers among and between which peaks and ridges and 
possibly broader areas of bare rock protruded. There is, however, 
no evidence that the whole region was swept over by glaciers of any- 
thing like the continental type. 

Glacial deposits are beautifully developed in the low hills along 
the lower courses of Moose and Eska creeks and in the area under 
800 feet in elevation which lies between them. Exposures are few 
except where the larger streams are at present vigorously cutting, 
but the character of the topography is that of typical glacial deposits 
formed at a period of partial stagnation of the ice. These deposits are 
somewhat obsciu^d along the present drainage lines by terraces and 
terrace gravels which have been cut into and built over them. Back 
from the present drainage lines they exist in essentially unmodified 
form. East of Granite Creek deposits of this type are less well 
developed, the glacial deposits being thinner. They are, however, 
to be seen at the lower elevations in the region between Kings and 
Chickaloon rivers. 

There is abundant physiographic evidence of intense glacial erosion 
in the valleys of Kings and Chickaloon rivers and farther east. The 
porphyiy hills on Young Creek show clearly the effect of glacial scour. 
The morainic mantle is here thin; the hilltops and in many places 
the lower slopes of the hills are swept bare, having only a few glacial 
pebbles and bowlders scattered over them. The rock surfaces show 
typical glacial rounding and gouging and many of the rougher slopes 
and cliffs were produced by plucking, a mode of erosion facilitated 
by the parallel jointing of the diorite. 

TERRACE GRAVELS. 

The terrace gravels are of two kinds. The most broadly developed 
occur at low altitudes, not having been seen above about 1,100 feet. 
These are foimd on well-developed cut and built gravel benches which 
rise in a series of steps along the river. In the valley of Moose Creek 
they were noted at elevations of about 400 to 1,000 feet, the best- 
developed benches being at approximately 400, 450, 600, 670, 825, 
and 1,000 feet. On Eska Creek there are well-developed benches at 
about 940 and 1,000 feet. Between Eska and Granite creeks benches 
were noted at elevations of 660, 680, 720, 740, 850, 950, and 1,150 feet. 
In the valley of Kings River there are many well-developed terraces 
of which the highest is at about 1,200 feet. On Chickaloon River 
the best-developed terraces are at about 1,000 feet. The position of 
some of the terraces observed in the different parts of the area is 
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indicated on the geologic map (PI. V, in pocket) and profiles of the 
terraced banks of Moose Creek and of Kings River are given in figure 
11. The character of the material in which these terraces are de- 
veloped is shown in Plate XUI. 

The character of these deposits is well shown in the north bank of 
Matannska River 0.9 mile above Moose Creek. At this point the 
bluff, 200 feet high, is composed of interbedded gravel and silt. The 
silt is yellow and rather coarse. The gravel occiurs in bands, lenses, 
and pockets irregularly distributed. It is predominantly of rather 
fine grain (Less than 2-inch pebbles), although parts are coarse, with 
abundant 6-inch cobbles and bowlders up to 2 feet in diameter. The 
material is all stratified and is in general well sorted. The j>ebbles 
represent a great variety of material. Granitic rocks predominate, 
but sandstone, shale, and a variety of fine-grained basic rocks are 
abundant. Much of the coarser gravel occupies channels in the 
sands. This gravel deposit is shown in Plate XUI, B. 
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IteUBK 11.— Btasram of terraoes on Moose Greek and on Kings Rfver. 



Gravel-covered terraces of somewhat different type were seen at 
higher elevations. Where the valley of Moose Creek comes out from 
the high mountains there are gravel benches up to an elevation of 
about 2,200 feet. Similar benches are seen at about the same alti- 
tude where Granite Creek emerges from the mountains. On the west 
side of Kings River, at a point about 2 miles north of the bridge, 
well-developed benches were observed at an elevation of 1,800 feet 
They occur opposite the coal camp at an elevation of about 1,500 
feet and on the east side of the creek at an elevation of about 1,700 
feet. Broad gravel-covered flats at an elevation of about 1,600 feet 
were seen on both sides of Chickaloon River about a mile above 
Boulder Creek. 

The significant fact in the distribution of these high-level terraces 
is that they are apparently .restricted to the vicinity of the tributarieB 



Digitized by VjOOQIC 



U. 8. GEOLOGICAL SURVEY 



BULLETIN MM PLATE XIII 



A. STRATIFIED GRAVELS ON EAST BANK OF KINGS RIVER NEAR LOWER BRIDGE. 



B. GRAVEL CLIFFS ON NORTH BANK OF MATANUSKA RIVER 1 MILE ABOVE MOOSE CREEK. 
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of the Matanuska and were not seen at other points. It is believed 
that they were laid down in the ponded waters of these tributaries at 
times when the main Matanuska Glacier stood across the mouths of 
the tributary valleys. 

ALLUVIUM. 

Alluvial deposits are well developed on all the larger streams and 
on such of the smaller ones as do not have steep grade over continuous 
exposures of rock. The flats and gravel bars along the whole course 
of the Matanuska constitute one of the striking features of the geology 
of this region. The high d^ree of the development of these deposits 
is caused by the fact that the Matanuska is a heavily overloaded 
glacial stream whose flow, owing to the intermittent and varying 
supply, is very irregular. The Matanuska and its tributaries freeze 
every winter and tend to seek new courses when the spring thaws 
come. The run-off during the early summer months is much greater 
than at any other time of the year. The streams have their sources 
in large part at the ends of glaciers and are consequently loaded with 
detritus from the very start. They flow for the most part over uncon- 
solidated deposits and have steep grades. They are consequently 
choked with sediment at all times, and whenever the water falls they 
begin to aggrade their beds. 

The gulches traversing the lower and gentler slopes between Moose 
Creek and the ridge north of it show evidence of an apparently 
unusual recent stream activity. The streams, which are small even 
in the last half of Jime, when much snow remains on their head- 
waters and melting is rapid, occupy each a trench in a wide gravel 
and bowlder-strewn course through the brush and timber. This 
course is typically 100 feet wide, and in cross section its surface is 
flat or slightly convex. The stream occupies a shallow, usually 
indefinite, and random channel. The sides of the course are strewn 
with bowlders 5 to 10 feet in diameter, lodged among living and 
recently fallen trees. The first impression is that within three or 
four years on all the small streams tiiere have been great floods that 
have cut wide courses through the timber, in which vegetation has 
not yet regained a foothold. It is, however, difficult to understand 
how any ordinary flood could handle material of such size and handle 
it as vigorously as is testified by the abraded, torn, and broken trees. 
If at the time of the floods the streams were frozen, or if their chan- 
nels were filled with snow, as they usually are until late in the spring, 
these bowlders might have slid along on the steeply sloping ice or 
snow. The phenomena might well be the product of the regular 
early spring melting floods, the large bowlders being moved each 
year a little at a time. Similar conditions were observed on the 
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taibutaries of Eska and Qranite creeks, on the creek nortii of the 
west end of Castle Mountain, and on many other creeks throughout 
the valley. 

Many such acciunulations of debris were seen on the lower courses 
of small streams heading in moimtain gulches. The deposits are at 
and below the points where the gulches leave the very steep 8loj>e8 and 
enter upon the comparatively flat gravel-covered floors of their master 
valleys. The d6bris appears not to have been distributed in typical 
alluvial fans, as by torrential streams, but rather as if it had been 
borne in a mass and suddenly dumped. It is therefore suggested that 
the hypothesis stated above might be modified so as to make aoow- 
sUdes or avalanches rather than jnelting floods the agents whixii 
carried the d6bris out of the high gulches. According to mlhss 
explanation the bowlder acciunulations are a result of the qpraig 
and early summer thaws. 

STRrrCTURB. 

The dominant structural features of the Matanuska Valley bear a 
very close relation to the physiography and to the areal distribution 
of the different kinds of rock. The south front of the Talkeetna 
Mountains, which terminate on a remarkably straight line paralld to 
the general course of the Matanuska and about 5 or 6 miles nortii of it, 
is determined by a great fault or zone of faulting which was followed 
from one end to the other of the area mapped in detail and idiich 
probably extends for indeterminate distances farther in either direc- 
tion. It is beUeved that this fault marks approximately the course oi 
Littie Susitna River below its point of emergence from the mountains, 
and it possibly extends east of Chickaloon River along the upper 
course of Boulder Creek. 

The mountain and larger hills which interrupt tiie lowland area 
south of the great fault are occasioned by their structural features. 
Castle Mountain and Wishbone Hill are synclinal masses. The hilk 
in the Young Creek region are partiy monoclinal blocks of Upper 
Cretaceous sediments and partly intrusive bodies. 

The best exposures of the great fault were seen on the headwaters 
of Young Creek and in the hills north of Castie Mountain. In the 
former locality two approximately parallel fault planes were observed 
at a distance of about half a mile apart. On the northern of tliese the 
granite is thrust upon the Tertiary arkose. At the southern fault the 
granite, which is overlain by the Tertiary arkose, is faulted against 
the Upper Cretaceous rocks (PI. XVI, section H-H'; PI. XIV, A 
and B), The observed relations at this point are shown in Plate 
XVI, section H-H', and Plate VII, B (p. 28). The fault where ob- 
served north of Castie Mountain brings both the granite and the 
Lower Jurassic volcanic rocks into contact with the Tertiary rods 
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A. FAULT ON NORTH EDGE OF MATANUSKA VALLEY NEAR HEADWATERS OF YOUNG CREEK. 



FAULT BETWEEN GRANITE (AT RIGHT) AND UPPER CRETACEOUS ROCKS (AT LEFT). ON 
CREEK THAT ENTERS KINGS RIVER FROM THE WEST i; MILES ABOVE COAL CAMP. 
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(PI. XV, section B-B'; PL XVI, section GWJO and farther east has 
brought the basal conglomerates of the Tertiary into contact with 
the much higher Eska conglomerate (PL XV, section A-A'; PL XVI, 
section ¥-¥'), The faulting throughout this zone is believed to be 
everyidiere of reversed character, the fault planes dipping steeply to 
the northwest. The rocks north of the fault zone and close to it are 
in many places closely folded and in some places overturned, so that 
the axial planes dip to the north. The character of this overturned 
folding is shovm in limestone beds represented on sections through 
Castle^ Mountain (PL XVI, section G-GO and also in the overturned 
anticline in the Tertiary rocks shown in Plate XVI, section H-H', and 
Plate VII, B (p. 28). 

At many places the rocks on each side of the major fault plane are 
much fractured and crushed through a zone several hundred feet 
wide. The granite has as a rule been severely shattered for a con- 
siderable distance from the contact. It is very much altered and 
epidote, chlorite, and other minerals are developed. To a slight 
extent it has received a gneissoid texture by the crushing into paral- 
lelism of some of its constituent minerals. 

The granitic rocks and the Tertiary arkoses are in contact along 
the western half of the northern limits of the area. The relations are 
of two kinds. Around Moose Creek there is no good evidence that 
they are other than those of normal deposition of the beds of the 
arkose series upon the granites and gneissic rocks. The basement 
rocks at this locality include, besides some folded and sheared, thor- 
oughly gneissic and schistose rocks which are intruded by granitic 
rocks, also granites of gneissoid habit which have been subjected to 
crushing forces. The more metamorphosed rocks are dominant near 
the contact; the merely gneissoid granites are more abundant away 
from the contact. This relation might be interpreted to mean that 
deformation had been largely confmed to and accentuated along the 
contact of Tertiary rocks and granite. However, it seems certain 
that the metamorphic facies were developed and were injected by the 
granitic rocks prior to the arkose epoch and that the resulting com- 
plex became the basement for the deposition of the arkose. Because 
of the facts that the sedimentary series is arkosic and that the gran- 
itic rocks, gneisses, and schists are represented by pebbles in the 
conglomeratic members of the arkose series it is fairly certain that 
the arkose was derived from and deposited upon the granites, gneisses, 
and other rocks. The cataclastically developed gneissoid textures, 
on the other hand, seem to be significant of post-Tertiary deforma- 
tion, for the granites are similarly gneissoid at other locaUties where 
they are faulted against the Tertiary sediments. 

Between the arkose and the granite on Eska (?reek there is a 
severely crushed fault zone which shows many planes of movement. 
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some in the granites and some in the sedimentary rocks. Masses of 
both rocks are mixed in irregular alternation within the zone. The 
arkose is greatly indurated and resembles the igneous rock. The 
granite is badly fractured and contains seams of epidote, quartz, and 
calcite. On the west of Granite Creek the relations are as on Eska 
Creek. This fault zone extends eastward from Eska Creek across 
Sheep Valley. There the granite not only occurs above and north of 
parts of the arkose, being faulted against it, as just described, but 
also lies below the arkose, as on Moose Creek, being the basemmit 
upon which it was deposited. 

The approximately linear front of the northern edge of the Chugach 
Mountains, which lies about parallel to the front of the Talkeetna 
Mountains, suggests that the south wall of the Matanuska Valley, like 
its north wall, is determined by faulting. Unfortimately not enou^ 
observations were made south of the river to establish this point fully, 
and the linear character of the mountain front may be due entirely 
to truncation of the spurs by glacial erosion. 

The general character of the structure of the valley is indicated in 
the sections on Plate XV. The sedimentaiy rocks have been strongly 
folded, so that steep dips and complex structures are present through- 
out most of the area. At some places there is a continued imifoim 
dip for considerable distances, but it is not known whether this con- 
dition means simple monoclinal structure or a repetition of paralld 
fault blocks. At other places there are frequent reversals of dip, but 
this again may be either simple folding or more complex faulting. 
In each of these cases the lack of definite knowledge concerning the 
type of structure is due to the al^nce of recognized characteristic 
strata from whose distribution the structural details could be inferred. 

In two areas within the field the type of structure is known with a 
fair degree of certainty. These areas are those occupied by the con- 
glomerate in' the vicinity of Castle Mountain and of Wishbone Hill. 
The clearly defined contacts of the conglomerate with the adjacent 
rocks, as well as the various individual beds of conglomerate, here 
make it possible to determine the actual structural details. 

The west end of Castle Mountain (see section B-B', PI. XV) is a 
monoclinal block having a dip of about 6® to 20*^ NE. The east end. 
as is shown in section A-A', Plate XV, is a syncline having a broad 
southern limb on which the dips range from 10® to 20*^ N. and * 
narrow, sharply upturned nortiiem limb with dips of 60° to 90®. 
Possibly the northern limb of this syncline is cut off in the western 
part of the mountain by a fault, or, on the other hand, the structure 
may be dominantiy monoclinal with local upturning of the strata 
along the fault in the eastern part of the mountain but not in the 
western part. 
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Wishbone Hill is in general structurally similar to Castle Mountain. 
The east end, as is shown in section D-D', Plate XV, is a syncline 
pitching sharply toward the west. The west end is likewise synclinal, 
but the northern limb of the syncline has been cut by a fault in the 
west end of the hill and in the valley of Moose Creek, as is shown in 
section E-E', Plate XV, so that the conglomerate mass, as exposed 
on Moose Creek, shows dominant northward dip and would, but for 
a few exposures showing gentle southward dip, appear to be a mono- 
clinal block. 

The points of dissimilarity between Castle Moimtain and Wishbone 
Hill are that in Castle Mountain the entire northern edge is bounded 
by a fault which has brought the arkosic rocks beneath the coal into 
contact with the conglomerate above the coal, while in Wishbone 
EQll the fault is possibly absent at the east end of the hill, so that 
the coal-bearing rocks encircle the end of the conglomerate mass, 
and at the west end of the hill the fault is not of sufficient magnitude 
to bring more than the coal-bearing rocks into contact with the con- 
glomerate. The syncline at the east end of Castle Mountain pitches 
toward the east; that at the east end of Wishbone Hill pitches toward 
the west. 

In the area south of the great fault between Granite Creek and 
Yoimg Creek, occupied by Upper Cretaceous shales and sandstones, 
the structure probably departs only slightly from monoclinal. The 
dips are southeast, fluctuating between 30^ and 60^. On the east 
and north of this area the structiu*es are more complex in the vicinity 
of the great fault and of the numerous large intrusive masses. 

Where the Upper Cretaceous rocks are exposed along Matanuska 
River they are broken by a number of faults and are considerably 
more crumpled and shattered than at other localities. Unfortunately 
the cliffs are inaccessible for close study, so that the true character 
of the deformation and its structural significance are not known. 
It would seem, however, that the course of the river is along some 
structurally important line. The upper part of Kings River also 
may be on such a Une, for it marks an eastern Umit of the Upper 
Cretaceous rocks and the western limit of both the Lower Jurassic 
volcanic rocks and of one area of the Chickaloon formation. 

MINERAIi RESOURCES. 
COAL. 

ABEAL DISTRIBUTION. 

The coal of the Matanuska Valley occurs in several isolated fields, 
only part of which are included in the area here described. Three of 
these coal areas lie partly within the area described in this report. 
Of these the Chickaloon field is situated mostly in the lower part of 
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the valley of Chickaloon River but extends west as far as Kings 
River, south across the Matanuska into the valley of Coal Creek, and 
possibly east beyond the Chickaloon Valley. The E^ska-Moose field, 
which is second in area and importance, extends from the valley of 
Eska Creek west as far as Moose Creek and possibly into the gravel- 
covered area beyond it. The Young Creek field is intermediate in 
geographic position between the Chickaloon and Eska-Moose fields, 
being situated in the upper part of the valley of Young (little Ejngs) 
Creek. 

The area! extent of the assemblage of rocks which carry the coal 
is indicated on Plates V and XVIII (in pocket). The areas indicated 
as coal-bearing are those which may carry coal as distinguished from 
the areas (represented by other patterns on the map) which are 
known not to carry coal. The areas of the '* coal-bearing rocks'* can 
not be assumed to be imderlain wholly by beds of coal of workable 
character and thickness. Moreover, parts of these areas may have 
no coal under them. The lack of knowledge as to the exact strati- 
graphic position of the coal beds, the uncertainty as to what strati- 
graphic parts of the "coal-bearing rocks'' are represented by the 
several surface outcrops, and the concealment of the rocks by gravels 
over broad areas make the precise areal distribution of the coal a 
problem which can be solved only by drilling or other imderground 
exploration. 

The areas of the tracts which it is believed may contain woikable 
coal are indicated in the subjoined tables. The first of these tables 
shows the areas known to be occupied by the ''coal-bearing rocks/' 
as defiined above, and by the conglomerates and otlier beds which 
overlie them. The second table shows the areas which may also be 
imderlain by these rocks but in which, because of concealment by 
gravels or of other lack of definite information, there is a possibility 
that other formations may be present. These estimates are pro- 
visional and are subject to modification, perhaps considerable, when 
the region is more thoroughly prospected. 

Areas of supposed coal-hearing rocks, 

Sqtiare mites. 

Valleys of Chickaloon and Kings rivers 44 

South of Matannaka River between Kings Mountain and eastern 

edge of area shown on Plate V (in pocket) 8 

Valley of Young Creek 3 

Valleys of Moose and Eska creeks 19 

74 
Areas of possible extensions of the supposed coal-hearing rocks. 

Square mfles. 

Lower parts of valleys of Kings and Granite creeks 8 

Valleys of Moose and Eska creeks 16 

24 
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STRATIORAPHIO OOCURRENOE. 

The coal beds of the part of the Matanuska Valley here under 
discussion are all known to be of Tertiaiy age and to agree approxi- 
mately in general stratigraphic position with the coal of the Kenai 
formation on Cook Inlet. They all occur within the Chickaloon 
formation, which is the middle local division of the Tertiary rocks as 
grouped in this report. Their exact position within this formation 
has not been determined, but they seem to be in general distributed 
throughout the greater part of its thickness. Nothing definite is 
known as to the persistence of individual beds or of groups of beds. 



DESCRIPTION OF BEDS. 

The following pages contain measured sections of all the coal beds 
which were accessible either in natural exposures or in prospect 
openings or timnels. The location of the sections is shown by the 
niunbers, which correspond to those on Plate XVIII (in pocket). 
No attempt has been made to correlate the beds, as the complex 
structure; the abrupt changes in thickness, and the fact that most of 
the beds have not been traced from point to point make correlation 
impossible. The sections are arranged in order from east to west; 

Sections of coal beds in lower Matanuska Valley, 



1. Sovtk iMBk of Mataitui^ Btf«r 8 nllMabafe 
tha aovth of Chtokaloon Bimt, 

Gray shale. Ft. in. 

Coal 6 

Shale 1 

Coal (samples 6, 7, p. 90). . . 7 

Gray shale widi iioDBtoine bands . 42 

Coal 6 

Shale 1 6 

Coal 5 

Gray shale 7 

Coal 6 

Shale 4 6 

Coal 8 

Shale 1 

Coal 6 8 

Soft gray shale. 
Strike N. 63** E., dip 44** SE. 
S. ZMt baak of Coal CxMk 4,100 feet troBi 
montli. 

Soft dark shale. Ft. in. 

Coal (samples 8, 9, p. 90). . . 2 2 
Parting. 
Coal (samples 8, 9, p. 90). . . 1 6 

Sandstone 2-6 

Coal (samples 8, 9, p. 90). . . 1 

Soft shale. 
Strike N. 89** W., dip 70** S. 



8. Sact baak of Coal CrMk 500 feet vpttreaa 
from i»ieoedlnc Motion. 



[Shown in PI. XIX, B, p. 03.] 



Ft. in. 



Intrusive sheet and coke 12 

Coke 6 

Intrusive sheet with coke 14 

Shale 10 

Coal (samples 10, 11, p. 90). 6 

Shale 

Coal (samples 10, 11, p. 90). 

Shale > 

Coal 

Soft shale floor. 
Strike N. 89<» W., dip 70*» S. 



3 
2 
6 
11 
9 



4. Wert bank of Coal Creek 0,64ff feet from 
aovtli, at eletation 1,080 feet. 

Gray shale. Ft. 

Coal 6 

Shale 3 

Coal(shaly) 11 

Carbonaceous shale. 
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Seetumt of coal bed$ in lower MaUmuska Valley— Coatmued, 



f. WMt baak of Coal CrMk6,tW feet from 



Ft. 



in. 

8 

0-2 

9 

7 



BOVth. 

Gray shale. 

Coal 

Shale 

Coal 

Shale with some coal . . 
Gray ehale. 
Strike N. 77*^ E., dip 60*^ NW. 

6. Zact baak of Goal Creek 7,700 feet from 

aovth, at etotatUm l^OM feet. 

Gray ehale. Ft. in. 

Coal 4 7 

Shale 2 

Coal 3 

Shale } 

Coal 8 

Shale 1 

Coal 7 

Shale 2 

Coal 1 7 

Shale 1 

Coal 11 

Carbonaceous shale 2 5 

Shale and coal altered by dike. . 6 
Strike N. 67** E., dip 65** NW. 

7. Bend of Olikkalooii Btfer half a nUe above 

Chlckaloon. 

[Shown in PI. XIX, A, p. 92.] 

Black shale. Ft. in. 

Coal 7 

Coal, bony 4 

Shale 6 

Coal 6 

Shale,black 1 6 

Coal 2 

Concealed 1 

N 



7. Bead of Chlckaloon Ktver half a i 
Ohlokaloom— OontinQed. 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale and sandstone (horse) 

Coal 

Shale with coal stringers 

Coal 

Shale 

Coal 

Shale 

Coal 

^ Shale 

Coal 

Shale. 

t. 



Coal 

Bone and coal 

Coal 

Shale 

Coal 

Bone and shale 

Coal 

Shale 

Coal 

Shale and sandstone 

Strike N. 43^ W., dip 66^. 

9. Tvanel A, Chlckaloon. 

Coal in face 

Shale 

Coal 

Bony coal 



ae above 

Ft. in. 

3 6 

7 

8 

10 

6 

2 3 

10 



10 

4 
2 

6 
1 

4 



Ft. In. 
1 2 

9 

8 



14 
12 




12 
3 

77 



Ft In. 
U 

5 2 

1 4 

1 



FiouBB 12. — ttetch showing location of Chlokaloon tunnels. 
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Seetiom of coal beds in lower Maianuskd VaUey^-Contiimed. 



9. T«aB«l A, Chlokalooft— Oondmied. 

Ft. 

2 

3 



Coal 

Coal> 

Shale* 

Coal» 1 

Shale 

Coal 2 

Shale 

Coal 

Shale 

Coal 2 

Shale 

Coal 1 

Bone 

Shale 12 

Coal 

Shale 

Coal 

Shale 

Coal 1 

Shale 

SandBtone 7 

Shale 2 

Coal 

Shale 

Coal 2 

Shale 

Coal 

Shale 3 

Sandstone 6 

Shale 18 

Sandstone 1 

Shale (at entrance of tunnel) ... 41 
Shale (outside of tunnel) 2 

Coal 

Bony coal 

Shale 

Bone 

Shale 

Talus slope. 



10. TuuMl B, OlikdEalooB. 



Ft. 
7 
1 



Shale 

Coal 

Bone 

Coal 

Sandstone 5 

Coal 1 

Bone 1 

Coal 9 

Streak of bone. 

Coal 4 

Sandstone , -. 10 

iCroascot 



10 

8 



65 



Ft. in. 
7 4 



10. Tiiaael B, Chiekalooft—Coiitliined. 

Ft. In. 
Shaly coal 7 

Sandstone 1 6 

Bonycoal 2 6 

Sandstone 1 1 

Coal, with streaks of bone . . 4 

Sandstone 13 1 

Coal 2 4 

Sandstone 9 5 

. Crusted shaly coal . : 3 

Coal 3 6 

Bone 1 

Shale 6 

Coal 10 

Bone 3 

Coal 4 

Shearedshale 2 

Coal 3 

Bone 7 

Sandstone and shale 

Strike N. 48** W., dip 76** SW. 
U. Tnaal B, ClilokAkMn. 

Shale 

Coal 

Shale with coal and bony beds. . 

Coal 

Shale 

Coal 

Shale 

Coal 

Irregular shale mass 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale with many coaly beds 

Coal 

Shale with coal and bone 

partings 

Shale 

Coal 

Shale 

Alternating coal and shale. . 

Coal 

Shale 

Bony nodulee 1 

Coal 

Shale 8 

Shale with coaly streaks 1 10 

Coal 7 

Shale 4 



2 

3 

3 

12 



4 
6 
6 
3 
3 
2 
1 
6 

11 
8 

11 
4 
6 

11 
2 



7 
7 
2 
10 
1 

5 
9 



goes south on theM bedi. 
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Seotioru of coal beds in lower Maianu$ka FoU^f— Contiiuied. 



2 
11 



U. Twttri B, OktakiaooA-Goiittniiad. 

Ft. 

CoBl 2 

Shale 1 

Coal 

Shale 5 

Coal 

Shale 

Coal with bony bands 2 

Bone and shale with some 
coal 1 

Shale 1 

Coal and bone * 

Shale and bone ' 

Coal» 

Shale 

Coaly shale 

Coal with some shaly streaks . 

Shale (entrance of tunnel) 

Strike N. 48'* W., dip e?** SW. 

IS. TuuMl Vo. 8, OkkkalooB. 
Hard shale. 

Bone 

CoaP» 

Bone* 

Coal*' 2 

Bone* 1 

Coal*» 

Bony coal * 

Shale and bone 2 

Coal*' 1 

. Coal, with some bone * 2 

Coal*' 

Bone* 

Hard shale 17 

Coal 6 

Shale (at mouth of tunnel) 20 

Dip almost vertical toward mouth 
tunnel. 



Ft. 



IS. Tvaaal Vo. S, Ohlekalooii. 

Coal 

Shale 

Coal* 

Bony coal 

Shale..... 

Coal 



Ft. 
1 



of 



U. ToMl Vo. S» 

Ft. In. 
Shale 1 2 

Shale and bony coal 1 3 

Coal* 3 4 

Bony coal and shale 1 7 

Shale 18 

Bony coal* 1 

Coal* 2 9 

Bony coal * 10 

Shale 

Timbering 

14. 

Shale 

Coal- 
Shale 6 

Bone 6 

Coal' 7 

Shale with coal streaks 4 6 

Strike N. 81** W., dip 72^ 76**, W NE. 

Vo. S, OhkkalooB. 



Vo.S,Oklokaloo«. 



14 

11 

Ft. 

10 
1 



IS. 

Coal... 
Shale. 
Coal... 
Shale. 



Ft. In. 

1 S 

3 

3 9 

2 

Coal* 4 

Shale 16 

Coal* 1 9 

Shale* 2 3 

Coal* 1 10 

Shale with coaly streaks — 1 8 

Shale 43 

Coal (crosscut goes south)... 3 4 

Shale 1 

Coal 10 

Shale 5 

Timbered (entrance of tunnel). . 16 

IS. TvaMlOtCkkkalooB. ^t. la. 

Shale'« 25 

Coal « 

Shale 4tfc 

Coal 2 « 

Coal, more <Mr less shaly 3 3 

Shale 9 I 

Timbering 1^ 

(Seeiiote4.) 



1 Crosscut goes 8. 77* W. on these beds to tuimel 2. 
< Included in sample 1, p. 90. 
s Included in sample 2, p. 00. 

• Crosscut goes south on this bed. 

» Crosscut goes north on this bed to tunnel B. (See note L) 

• Crosscut goes south to raise. 
T Included in sample 4, p. 00. 

• Measurement made on floor of tunnel, but colU Is out off enttnly at the roof by a teuH. 

• The crosscut going south to raise from tunnel 2 should be on this bed. __ ^ 
««The3foot4indicoel In crosscut going south from tunnel S should bstha second bed bsyosKi «•• 

present face of this tunnel. 



Digitized by VjOOQIC 



MINEBAIi EESOUBGES. 



81 



Sections of coal beds in lower Matanueka Valleif — Continued. 



17. Tvaaal D, OUokaUxm. 

Ft. In. 

Coftl 3 8 

Shale to end of timber 17 6 

Strike N. 80** W., dip 64** NE. 

18. Tunnel S, OblekalooB. pt. In. 

Coal 1 5 

Bone 6 

Coal 1 10 

Bone 11 

Coal 2 7 

Crushed shale and coal 2 10 

Coal 10 

Sandstone and shale 18 

19. TvuMl Vo. 9, Cblekaloon. jrt. in. 

Shale 10 

Coal> 1 8 

Shale 6 

Bonycoal 1 8 

Shale 10 

Coal> 6 2 

Shale 28 

Strike N. 89** E., dip 51** N. 



90. Twmel F, OhlekalooB. 

Coal 

Shale 

Bone and coal 

Coal 

Shale 

Coal 

Bone 

Coal 

Shale 

Coal 

Shale 

Coal 



Ft. In. 

1 3 

3 

3 

1 5 
8 
4 
2 

2 5 
3 

1 
8 
10 



Ft. In. 



Shale (to cave-in) 7 

Strike east and west, dip 70*^ N. 

n. iMttMUik of Kbict Btf«r at b«Bd b«lowooAl 
camp. 
[Indaded in section on p. 47.] 

Dark shale with ironstone nod- 
ules. 

Coal 1 

Shale 1 4 

Coal 5J 

Parting. 

Coal 10 

Shale 6 

Coal 3J 

Shale } 

Coal 1 



SI. Sastbaakof SlnctHtTsratbaiullMlovfooal 
oamp— Continued. 

Ft. in. 
Carbonaceous and concretionary 

shale 12 4 

Shale with many thin coal 

streaks 7J 

Coal 8 

Gray shale with ironstone nod- 
ules, and sandstone 153 

Shale. 

Coal 6 

Shale 1 

Coal 61 

Shale 3i 

Shale with small coal streaks 

andlenses 2 

Coal 8 

Parting. 

Coal 1 1} 

Shale crushed into small 
pieces and slickensided ... 6 

Coal 21 

Shale 4 2 

Bright coal 8 

Coked coal and baked shale 8d: 

Diabase sill. 
Strike N. 15** E., dip 31** SE. 

n. Tuuiel on east tmnk of SlnctBtfer 100 yards 
above npper bitdse. 

Ft. in. 

Dense, impure coke 5 

Bonyshale 1 

Coal 1 

Shale 1 

Coal 8 

Bone 1 

Coal 1 2 

Bonycoal 9 

Coal 2 6 

Hard shale. 

SS. Open out 10 feet fovth of preceding leotton. 

Ft. In. 

Coal (no cover) 3 

Shale 2 

Coal 1 2 

Soft impure coal 2 

Coal 1 8 

Shale 3 

Coal 3 

Shale and coal 7 

Coal 2 8 

Hard shale floor. 



1 Inolnded in sample 6» p. 00. 
9949*»--BuU. 500—12 6 
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Seetiom of coal beds in lower Matanuika F(iZ%— Continued. 



14. Kbict Btf«r at iipp«r brldf*, WMt tfd«. 

Ft. In. 

Bone and coal 7 

Cleancoal 1 7 

Shale 4 6 

Concealed short distance. 
Crushed coal with lenses of 

bone 5 7 

Shale 1 7 

Sandy shale 4 

Coal 2 10 

Bone 4 

Coal 2 10 

Coal and bone 8 

Coal 11 

Bone } 

Coal 2 5 

Strike N. 15*» W., dip 42*» NE. 
M. OpealBf OB WMt tmak of Bngt Orotk at 
upper brldse. 
[On same bed as preceding section.) 

Ft. In. 

Coal* 2 6 

Sandstone 2 

Coal' 1 4 

Shale 1 

Coal 1 5 

Sandstone 1 

Bony coal' 1 

Sandstone 1 

CoaP 3 4 

Strike N. 15** W., dip 42<» NE. 

86. Qnloh OB Borthwett ride of moBBtalB 4 
mllet Borth of the moBth of TooBg Creek 
("Aed MoBBtalB"). 

Shale. Ft. in. 
Coal (details obsciu^, total 

thickness estimated) 7±: 

Coal 5 

Shale 11 

Coal* 1 2 

Shale 1 

Coal* 6 

Shale IJ 

Coal* 7 

Shale I 

Coal* 4 

Shale } 

Coal* 2 

Shale I 

Coal* 2 

Strike, on sandstone below, N. 67 E., 

dip 64«» SE. 

1 Included in samples 12 and 13, p. 90. 
* Included in sample 1-1010, p. 90. 



About 30 feet stradgniphically above 
section 26 is another coal bed at least 5 
and possibly 10 feet thick, and again 30 
feet higher and about 80 feet hi^er are 
coal beds largely obscured by talus. 

•7. Weftbaak of Tobbc Creek t| aOlM abeit 

■oatk. 
Shale. Ft In. 

Coal* 1 

Shale 15 

Coal 6 

Shale with sandstone bands. 

Strike N. 15^ E. (magnetic), dip 
20'»NW. 



SS. Weft tmnk of Sdm Creek, at < 

feet. 
Shale and sandstone. fl ta 

Coal* 1 8 

Shale 1 

Coal* 1 4 

Shale.. 1 

Coal,bony 1 3 

Shale 1 

Coal, bony 1 1 

Shale 1 

Coal with some shale and 

bone 2 6 

Shale 6 

Coalyshale 2 

Strike N. 57'* E., dip 44** NW. 
A more complete section in the same 
bed measures as follows: 
M. Weft tMiBk of Sdok Creek, at slf atto B W* 
f^et. 

Ft. to 

Sandstone 15 

Shale 2 6 

Coal 7 

Parting. 

Coal 5 

Parting. 

Coal 5 

Parting. 

Coal 1 6 

Coal with shaly streaks. . . 7 

Coal 10} 

Shale 1-2} 

Coal (a hard stony nodule 

was seen in this bed) . . 1 1 

Coalyshale 1 5 

Coal 1 

Shale 1 

Coal 3i 

Coalyshale 3 

s Induded in sample 16, p. 90. 
* Induded in sample 17, p. 90. 
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BULLETIN SOO PLATE XVM 



A. COAL BEDS IN WEST BANK OF ESKA CREEK 2.7 MILES NORTH OF MATANUSKA RIVER. 



B. COAL BED IN WEST BANK OF ESKA CREEK 2.4 MILES NORTH OF MATANUSKA RIVER. 
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Sections of coal beds in lower Matantuha Vallet^ — Continued. 



89. Weft trnak of Sdm Creek, at elevation 9U 
feet— Continued. 

Ft. In. 

Shale 1 

Coal (a hard stony nodule 

was seen in this bed)... 7 

Parting^. 

Coal 8 

Shale }-l 

Coal with several thin shaly 

beds 10 

Shale 8 

Coalyshale 8 

Coal with many thin shale 

bands 1 7 

Coal (with silidfied logs, 
especially at the top).. 1 2-4 

Shale 24± 

Major cleat 8. 42** E., dip 83«* SW., not 
well developed. 
Strike N. 57'* E., dip 42<> NW. 

so. Weft iMU^K of Sika Creek about 800 feet np- 
ftream from preeedlac eeotlon. 

Shale roof. Ft. in. 

Coal* 3 3 

Shale 3 

Coal 11 

Shale 5 

Coal 6 

Shale 6 

Coal 4 

Shale 1 

Coal 9 

Soft black shale. 
Dip northwest. 

n. Weft bank of Sfka Creek 8,000 feet below 
forkf. 

[Shown In PI. XVII, B.] 
Shale. Ft. In. 

Shale with thin coal beds. 3 9 

0^1 1 

Coalyshale 2 

Coal 9 

Rusty shale 1 

Coal 61 

Parting. 

Coal IJ 

Parting. 

Coal 4 

Shale parting. 

Coal 1 9 



tl. West baidi of Eeka Creek t.000 feet below 
forkf— Continued. 

Ft. In. 

Rusty shale lJ-2 

Coal 4 -6 

Shale 2} 

Coal 5 

Sandstone 1 -2 

Bony shale 2J 

Coal 3) 

Shale and arkose. 
Strike west, dip 36** N. 
About 100 feet above is the following 

section: 

88. Wht baidi of Sfka Creek 8,000 feet below 
foricf. 

Shale. 

Concealed. Ft. in. 

Coal 6 

Shale 1} 

Coal (clay-ironstone nod- 
ules in a 2) to 5 mch 

layer near top) 2 2 

Shale li 

Coal 1 1 

Shale 21-3J 

Shale with veins of coal. . 1 5 

Coal 3 

Shale with veins of coal . . 7 

Coal 61 

Shale parting ) 

Coal 8J 

Shale J-1 

Coal 2J 

Coalyshale 11 

Shale. 
Major cleat S. 30^* E., dip 90**. Minor 

cleat N. 63*» E., dip 50*» SE. 

88. Saft bank of Sfka Creek, at elevation OM 
feet. 

Shale. Ft. in. 

Coalyshale 1 

Sandstone IJ 

Coalyshale IJ 

Coal 1} 

Shale 2 

Coal^ 2 8 

Parting. 

Coal with shaly bedding 1 

Shale and arkose 22 

Arkoee 7 



1 Included in sample 18, p. 00. 

• Major cleat S. 43* E., dip 88* NE.; minor cleat not weU developed. 



Digitized by VjOOQIC 



84 THE LOWEB MATANTJ8KA VALUSY, ALASKA. 

Sectums of coal hed» in loioer Matanuitd FoZZey— Continued. 



tt. Satt buk of Sdok Or«6k, at «to?atloB fiO 
feet— Contlnoed. 

Ft. In. 

Concretionary ahale 4 10 

Coal and shale in minute 

beds 6 

Shale 1 

Coal ' (contains silicified log 

near top) 3 4 

Parting. 

Coal 3 

Parting. 

Coal, with shaly bedding, 

consisting of a mat of 

leaves concealed 2 

Strike N. 50*» E., dip 18** SE. • 

14. Bate of olifl on west bank of Sdm Creek, at 
elenitloB 1,000 feet. 

Shale, concretionary. Ft. in. 

Black shale with coaly 

streaks 1 

Coal 1 

Shale 1 

Coal 1 4 

Shale 1 

Coal 1 

Coal with thin shaly bands. 1 5 

Shale 8 

Coal 7 

Shale 1 

Strike N. 62*» E., dip 36*» SE. Major 

cleats. 48*»E., dip 84** NE. 

U, West bank of Sika Creek, at elevation 
1,000+ feet. 

Ft. in. 

Sandstone (cliff) 75=t 

Soft sandstone 9 

Shale with little coal 2 

Concealed, mostly shale 80 

Coal 4 2 

Shale 1 5 

Coal 7 

Shale 11 

Coal 1 

Shale, some coal, and iron- 
stone concretions 2 

Coal with several shale 

beds 3 9 

Shale with ironstone concre- 
tions 9 6 

Coal (with shaly bedding 
in part and many thin 

shale partings) 13 

Shale 3 6 



U. West bank of Eska Creek, at clevattaa 

1,000+ feet— Contlmied. 

Ft. taL 

Ironstone 6 

Shale 3 

Ironstone 2 

Shale 5 

Coal 9 

Shale with seams of coal. . 1 1 

Coal 2 

Shale 2J 

Coal 4 

Shale 2 

Coal 2 8 

Shale 7 

Coal 1 9 

Shale with veins of coal. . 2 1 

Coal 1 1 

Shale 2 

Coal containing clay-iron- 
stone nodules 5 

Shale 1* 

Coal 2 

Shale IJ 

Coal 3 

Shale 2 

Coal 1 

Shale 1 10 

Shale with bands of coal. . 6 

Shale 6 

Coal 2 

Shale with ironstone bands 14 6 

Ironstone 1 3 

Shale 4 7 

Coal 1 3 

Shale 5 9 

Coal 8 

Shale 6 

Ironstone I 3 

Gray shale 15 

Ironstone 2 

Shale 28 

te. West baidi of Bdok Creek abont 1310 fMt 
below forks. 

Sandstone. Ft in. 

Shale 7 3 

Coal and shale ^ 

Coal 3 6 

Shale with thin coaly 

streaks 1 

Coal 8 

Shale with occasional 

streaks of coal 2 8 

Coal with many shale 

bands 1 



1 Mi^ cleat N. 42* E., dip 76* 8W. 
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SeetioM of coal beds in lower Matanuska Valley — Continued. 



St. Weft bulk of Sdm 0i«6k abomt IJUO feet 
btlow f oik»— CoDtinaed. 



Shale 

Coal with many ehale 

bands 

Shale with occasional coal 

lensee 

Ironstone nodules 

Shale 

Bright coal (a nodule seen 

near top) 

Coal with many thin shaly 

bands 

Shale 

Coal, somewhat shaly. . . . 

Coal and shale 

Coal 

Shale 

Coal 

Parting. 

Coal 

Shale 

Coal 

Shale and coal 

Coal 

Shale and coal 

Coal, bright 

Coal with many thin 

shale bands 

Gray shale 

Shale with standstone lenses 

and ironstone nodules 

(Continued about 60 feet down- 
stream on account of fault 
(?). Where recommenced 
there is only 34 feet to base 
of sandstone heading this 
section.) 
Shale with a few coaly streaks. 

Ironstone nodules 

Shale with coaly lenses 

Brigbtcoal 

Shale 

Bright coal 

Parting. 

Coal 

Parting. 

Coal 

Shale 

Bright coal 

flhaV 



Ft. 
2 



in. 
9 



4 

2-5 

2 7 



5 

8 

4i 

3 

3 

li 

li 

11 
2 
6 
2 
4 

14 
4 



te. Waft buk of Efka Ottik about 1,8M feet 
below f orin— Gontiiiued. 

Ft. in. 

Coal with shaly bands 8 

Shale 10 

Coallens 0-2± 



Shale 

Coal 

Shale 

Ironstone nodules 

Shale 

Ironstone nodules 

Shale 

Coal 

Shale 

Coal with shaly bands. . . 

Shale 

Coal with shaly bands. . . 

Shale 

Coal with shaly bands. . . 

Shale 

Ironstone nodules 

Shale : 2 

Coal with shaly bands 1 

Bright coal 

Parting with lenses of 
sandstone and shale 

Bright coal 

Shale with some coal 

Sandstone 3 

Strike N. 22<» E., dip 45*» NW. 



13 



4 
2-6 

8 
4-^ 

9 
O-IO 

2-6 
5 

3 
7 
4 
6 

6-18 

2. 
9 

04 
10 
1-2 
9 



87. Weet bank of Sfka Greek about 1,100 feet 
below forks. 

[Part of this section shown in PI. XVII, A, p. 82.] 

Ft. In. 

Sandstone 75± 

Shale 1 

Coal IJ 

Shale 2 

Coal 1 4i 

Parting. 

Coal 8i 

Shale I 

Dirty coal 9} 

Coalyshale 10 

Coal 8 

Coalyshale 4 9 

Shale 4 2 

Coel 1 1 

Coftly shale 10 
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THE liOWEB MATANU8KA VALIiET, ALASKA. 



Seeiioru of coal beds in lower Matanuihi Fal2«y— Continued. 



n. WMtbuk of Sdok Ontk ftbo«t I.IM feet 
l>elow fork*— Contlniied. 



Ft. 
Shale 8 

Coal 2 

Shale 

Coal 1 

Parting. 

Coal 1 

Coalyshale 2 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 1 

Shale with thin bands of 

coal 

. Shale 3 

Shale with thin bands of 

coal 4 

' Coal 1 

Shale 

Coal 

Shale 

Coal 2 

Shale with ironstone nod- 
ules 

Coal 

Shale 

Coal 1 

Shale with coaly bands 

Coal 1 

Shale 

Coal 

Shale with few thin bands 
of coal 2 

Coal :. 

Shale with many bands of 

coal 

Shale, with ironstone 13 

Shale with a few bands of 
coal 

Coal (not well exposed 
where measured) 2 

Shale 3 



In. 

2 
1 
2 



10 
4 
1 
9 

i 
2i 

1 
9 

J 
2 

1 
7 

3 
9 

2 
5 
6 
5 
2 



9 
3 

li 

4 
5 
3 

li 
5 

3 
4 

8 
4 



n. Weft bank of Sdm Greek about i,lM fMt 
^ below fmke—Conttanied. 

Ft. In. 

Coal 2J 

Shale Si 

Coal 10 

Shale 21 

Coal 6 

Shale with thin bands of 

coal ^ 

Shale with some ironstone 27 6 

Sandstone, upper foot shaly 4 

Shale with some ironstone nod- 
ules and petrified sticks 19 6 

Ironstone 3 

Shale with bands of coal ... 1 9 

Coal 71 

Parting. 

Coal 1 1 

Shale 3 

Ironstone 4 

Shale 1 3 

Ironstone 3 

Shale 1 

Shalewith bands of coal ... 10 

Shale 7 

Coal 6 

Shale 1 10 

Coal 5 

Shale 10 

Coal 4-12 

Shale with bands of coal ... 1 4 
Shale with sandstone and iron- 
stone nodules (cliff) 37 

Coal (petrified log seen in 

this bed) 10 

Coalyshale 2 

Ironstone *^ 

Shale 8 

Ironstone ^ 

Shale 3 5 

Ironstone nodules ^ 

Shale with ironstone nodules. . . 3 4 
Shale with little stringers 

of coal ^ 

Shale 1 1^ 

Shale with coaly streaks... 10 

Ironstone nodules ^ 

Shale with ironstone nod- 
ules 3 
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Sedioru of coal beds in lower MaUmuska Valley — Continued. 



t7. West bank of Eika 0i«6k about 1,100 feet 
below f orln— Contlinied. 

Ft. in. 

Clay ironstone 2 10 

Gray fissile shale 4 

Sandy shale, somewhat mas- 
sive 3 

S8. Zika Creek 1,560 feet above third fodti. at 

elevation 1,060 feet. 
Shale. Ft In. 

Coaly shale 6 

Coal 5 

Coalyehale 2 

Coal with many thin shale 

bands 6 

Shale. 
Strike N. 66** E., dip 65** SE. 

». Eaft bank of Moom Greek lS,000feet above 
v. 8. land monnmeat Vo. 6. 

Carbonaceous shale with iron- 
stone nodules. 

Carbonaceous shale with seams . Ft. in. 

of bony coal 1 

Coal 7 

Bone and shale 1 

Coal 10 

Bone 2 

Coal 9 

Shale with coaly streaks 7 

Coal 1 

Shale li 

Coal 3 

Shale i 

Coal 1 5 

Bone 1 

Coal 10 

Nodular shale. 
Strike N. 65*» E., dip 83*» SE. 

M. lartbaidi of Moose Creek abont 100 yards 
below upper eabta. 

Goal with hard ferruginous inclu- Ft. In. 

sions 3 

Shale 2 

Coal (bright) > 4 6 

Shale 2 

Coal (bright and hard) >... 7 

Soft shaly coal 1 

Soft shale with abundant iron- 
oce concretions. 
Strike N. 77* E. , dip 43<» NW. 

1 Indnded In nniple 30, p. 91 . 

t MiOor olMt N. 06* £.» dip a* BE; 



41. Xast bank of Moose Creek 700 f^et above 
v. 8. land moaoment Vo. 6. 

Ft, in. 

Shale 68 

Arkose 8 

Shale 10 

Bone 1 

Parting. 

Coal* 8} 

Parting (slickensided). 

Coal 7 

Coal, somewhat bony 4 

Coal with shaly bands 14 

Black shale with few coaly 

streaks 5 

Coal with shale streaks 6 

Black shale 2 

Ironstone concretions 2 

Black and gray shale 10 

Coal, dirty 3 

Shale 3 

Coal with lenses of ferruginous 

nodules 2 inches thick 1 6 

Shale with some coal 1 6 

Shale with ironstone nodules. . 3 

Impure coal 10 

Shale with ironstone nodules. . 2 

Coal with much shale 1 

Shale and ironstone nodules ... 4 

Impure coal 1 

Shale with nodules and a few 

thin bands of coal 10 

Coal with lenses of ferrugi- 
nous nodules, 2 inches 

thick 3 

Strike N. 78** E., dip 71<» NW. 

4S. Oae-elclith of a mile below npper eabin. 
Moose Ore^c 

Shale and sandstone roof. Ft. in. 

Dirty coal 7 

Shale 3 

Sandstone nodules 1 

Bone and coal 1 3 

Bone 1 

Coal 3 

Bone and shale 3 

Coal 1 3 

Bone 1 

Coal 5 

Shale 1 

N.36*W.,dip74*NB. 
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THE LOWER HATAJTUSKA VALLBT, ALASKA. 



Sediont of coal beds in lower Matamuka VdUef — Gontiiiiied. 



it. Chit rtgfctli of a alto btlow mpptt mMb, 
MooM OfMk-CoaUinied. 

Ft. In. 

Shale and eandstone 3 6 

Coal 8 

Shale 1 

Shale and aandstone 3 4 

Coal 8 

Shale and bone 1 6 

Shale 25± 

Clearcoel 3 6 

SUde. 

Coal 8 



4t. IKmx upper mUI of Moom Ontk forgo at 
•lofatlOB 700 foot. 



Ft. 



Sandstone. 

Coal 

Sandstone 

Brightcoal» 2 

Shale 

Bright coal * 2 

Dullcoal' 1 



In. 
2 

1 
4 
6 



M4«f 



Otmk g«|t tt 



41. Voar 

Ft k 

Shale 4 

Dullcoal 1 6 

Shale. 

Strike N. r* E., dip 24« SE. 
44. Bast bank of Mooot Ciook MfO «mC bdsv 
ValtodSUtoslaad wiiWMt Je.1. 

Shale. Ft in 

Coal 2 

Shale 2 

Coal 

Femiginoiis nodules 

Coal 

Coal and diale 

Coal 

Bene 

Coal 

Coal with several thin beds 

ofshak 2 

Gray shale. 
Sandstone. 
Strike N. 29** E., dip 42^ SE. 



1 



1 



CHARACTER OF THE COAL. 



^HTBioAL pmopsmxixs. 



The coal of the Matanuska Valley is of three kinds — anthradte, 
high-grade bituminous, and low-grade bituminous. Of these only 
the last two have been found within the area mapped in detail in 
the investigations here described. The anthracite occurs farther 
east and has been described in earlier reports.* 

The high-grade bituminous coal occurs on the south side of the 
Matanuska, east of and in the vicinity of Coal Creek, and on the north 
side of the river in the valleys of Chickaloon and Kings rivers. Tl® 
low-grade bituminous coal is known in the valleys of Young, Eaka, 
and Moose creeks. 

The high-grade bituminous coal is fragile and soft, like most coal 
of this kind, and the beds show the effects of having been severely 
crushed and at many places are without any well-defined bedding 
planes or planes of fracture. The f riabiUty of the coal is such that it 
will probably not stand shipment without being badly crushed. 
This is not so great a detriment as might at first seem, because many 
of the beds contain so many impurities that the coal from them ought 

1 Included in sample 19, p. 91. 

• Martin, Q. C, A reoonnaiasanoe of the ICatenusks ooal field, Alaska: BuU. U. 8. Qeol. BurrefKo. A 
1906, pp. 1^19, 36-30. Paige, Sidney, and KnopT, Adolpb, Geologic reoonnaiasanoe in Uie Matannsbio^ 
Talkeetna basins, Alaska: BuU. U. S. OeoL Barmj No. 927, 1907, pp. »^ £»-«. 
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to be crushed and washed. It is, moreover, highly probable that 
much of this coal will be used in the manufacture of coke, a purpose 
for which lump coal is not desired. Coal which possesses coking 
properties, as much or all of this coal does, can be burned as slack 
•about as well as in lumps, for the slack coal when thrown into the 
furnace wiU fuse and cake, thus preventing loss of coal through the 
grates. 

The low-grade bituminous coal on Moose, Eska, and Young creeks 
is on the border line between bituminous coal and black lignite. It 
is harder than the higher-grade coal farther east. Many of these 
beds have not been crushed and a larger proportion of lump coal can 
probably be obtained from them in mining than from the coal beds 
described above. This coal possesses no coking properties and will 
probably be used xmder stationary or locomotive boilers. It is not so 
good for this purpose as the coal from the east end of the field, but, 
because the latter is well suited for the manufacture of coke and for 
use as smithing and naval coal, it will command a higher price and 
thus probably leave a lower-price market for the poorer coal farther 
west. The low-grade coal can probably be mined and shipped more 
cheaply than the high-grade coal. The two kinds of coal will, to a 
certain extent^ be noncompetitive, each having its own special 
markets. 

OHBMZOAL AVALTSS8 AHD TX8T8. 

The following table includes characteristic analyses of coals from 
various parts of the area. Sample 1-1910 was taken during the 
investigations here described. The other analyses have been pub- 
lished in Bulletins 289 and 327 and represent samples collected in 
1905. All the samples except Nos. 2215 and 2227 were obtained 
from surface prospects or from outcrops and were consequently 
somewhat weathered. Samples 2215 and 2227 came from a tunnel 
at a distance of 43 to 58 feet from the mouth of the tunnel and 
probably under about 25 or 30 feet of cover. 
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THE LOWER MATANUSKA VALLEY, ALASKA. 
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THE LOWBE MATANXJSKA YAJAJRYj ALASKA. 
AnalyMM ^ and tuU of Matanuska oodU. 



Sam- 


Thick, 
neas 
of coal 
in feet. 


Proximate analysis. 


Ultimate analysis. 


COortlo 




Loss 
on air- 
dry- 
ing. 


Total 
mois- 
ture. 


Vola- 
tile 
com- 
busti- 
ble. 


Fixed 
car- 
bon. 


Ash. 


Sul- 
phnr. 


dlt>- 
gen. 


Car- 
bon. 


Ni- 
tro- 
gen. 


Oxy- 
gen. 


Cato- 
rtes. 


^ 


1 
2 
8 
12 
1-1910 
17 
18 
19 
20 


12.3 
5.2 
5.0 
9.9 

12.2 
2.6 
3.3 
6.0 

11.7 


1.60 

*"*86* 
1.80 
6.10 

* ioo' 


2.66 
.99 

1.97 
2.68 
10.67 
4.74 
6.00 
4.76 
9.49 


16.66 
19.03 
18.68 
20.60 
83.80 
84.79 
83.90 
82.64 
33.63 


69.72 
75.19 
75.19 
64.72 
60.67 
64.06 
60.66 
60.63 
61.71 


11.07 
4.79 
4.26 

11.91 
6.06 
6.41 

10.46 

11.98 
6.17 


a67 
.60 
.60 
.60 
.23 
.42 
.41 
.38 
.25 


4.19 
4.71 
4.80 
4.68 
6.41 
6.64 
4.77 
4.76 
6.62 


76.68 
83.90 
82.77 
74.88 
65.16 
71.06 
63.60 
64.00 
65.86 


1.37 
1.48 
L79 
.87 
1.13 

i.ao 

1.38 
1.09 
1.20 


6.22 
4.62 
6.88 
7.67 
23.01 
14.97 
19.40 
17.70 
22.01 


7,545 
8,205 
8,146 
T,422 
6.236 
6,986 
6,338 
6,428 
6,445 


13,SB1 

its 

its 

IS, 573 
1^408 
11,570 
11,601 





o These analyses were made by F. M. Stanton on the same samples as those with oonospondine iuib- 
beis in the preoedJn? table. The dlfferenoes in proximate analyses are doe to the fact thst the g^CTpiBg 
dried somewhat in the months which elapsed between analyses, and that somewhat diflienat ^'^»«^>**^ 
of analysis were used. (See BuU. U. S. Oeol. Survey No. 290, 1906, pp. 29-90.) 

OOKEira QVALXTIBS. 

A rough test of the coking qualities of the coal from tunnel No. 2 
on Chickaloon Creek (see p. 80) was made during the summer of 
1905 by coking a large pile of coal under a covering of stones and dirt. 
The resulting coke was hard and firm and had a good ring and a good 
texture. The test indicated that by proper treatment a coke of 
satisfactory grade can be produced. 

No further tests have been made by members of the Geological 
Survey. The analyses indicate, however, that the high-grade bitumi- 
nous coal on Chickaloon and Kings rivers and on Coal Creek is prob- 
ably, at least in part, coking coal, and that the coal in the weei end 
of the district, on Moose, Eska, and Young creeks, is low-gmde 
bituminous and is probably all noncoking coal. 

MINING OONDmONS. 
mHE SITES. 

Mine sites should be selected only after a careful study of local 
conditions accompanied by drilling. The selection of a site should 
be governed by the accessibihty to the railroad and by the stnicteie 
of the rocks. The latter should be determined in detail for each 
property by careful drilling or otherwise, in order that the mine may 
be opened at such a point that the undei^ound haulage of the coal 
and the disposal of the mine waters may be accomplished at a 
minimum expense. 

Although many of the coal beds outcrop at the surface, the outcrops 
dip for the most part at steep angles. (See PL XIX,) Few if any 
localities have been f oimd at which it would be possible to open an 
extensive mine on the outcrop of the coal bed. The amoimt of coal 
above the general drainage level is not great and it will be necessaiy 
from the very beginning of mining to sink shafts or slopes to consider- 
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A. COAL BED IN WEST BANK OF CHICKALOON RIVER AT BEND ABOVE COAL CAMP. 



B, COAL BED IN EAST BANK OF COAL CREEK SEVEN-EIGHTHS OF A MILE ABOVE ITS MOUTH. 
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able depths. When any large mines are opened it will probably be 
found desirable to sink shafts to the coal beds at considerable distances 
from their outcrops. 

XX>OAL SXJPPUBS. 

The local region will furnish none of the supplies needed in coal 
mining except timber. Eveiything else will have to be shipped from 
outside of Alaska. The development of this field on a large scale 
will consequently probably involve the building up of other industries, 
such as establishments for the manufacture of mine cars and other 
machinery and mine supplies. 

TnffDBBO&OTnffl) WATSB AHD GAS. 

In any large mines which are opened in this region it wiQ be neces- 
sary from almost the beginning of mining to pump or hoist mine 
water. It is not believed that it will be possible to open any large 
mines having natural drainage. The amount of underground water 
which will be encountered will probably not be great, unless the 
mines are opened on the outcrop. Precipitation in this region is so 
slight that large amounts of water can get into the mines only from 
the streams. If ordinary precautions are taken to prevent streams 
from breaking into the mine openings the mines ought to be fairly dry. 

The heavy cover of gravel which exists at the lower altitudes 
throughout most of the Matanuska Valley will cause certain dangers 
in mining. Unless the depth of the gravel at different points and the 
shape of the underlying rock floor are determined by drilling there 
will be danger of the mine workings breaking through the surface of 
the rock into the gravels. The gravels probably carry large amounts 
of water in some places and serious accidents might thus result. 

Gas will probably be a serious problem in local mining from the 
very start. The experience of the few small tunnels which have been 
driven indicates that these coal beds will yield large amoimts of dan- 
gerous gases. Some provision ought to be made in advance of mining 
for the enforcement of suitable regulations insuring the protection 
of the miners and the mines against gas explosions. 

B7FBCT OF UTTBTTSIVS ROCZSi 

Intrusive rocks are known to be present in abundance and in lai^ 
masses throughout the greater part of the area of coal-bearing rocks, 
except in the valleys of Moose and Eska creeks, where they are small 
and are much less numerous than farther east. The areal distribution 
of the larger of these intrusive masses is indicated on the map (PI. V, 
in pocket). Small dikes and sills, not represented on the map, are 
also present throughout practically all the coal areas. Where the 
intrusive rocks cut the coal beds the coal is rendered worthless for a 
distance of a few inches from the contact. The small dikes and sills, 
on account of the short distances to which their effect extends, do 
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not affect the coal seriously^ except that the sills show a habit of 
seeking coal beds for their planes of intrusion. It is clear that if a 
sill is intruded into a coal bed for a long distance a large amount of 
worthless coal will result, but if it is intruded between rock strata, 
even if only a few feet away from a coal bed, or if it cuts across the 
coal bed in the form of a dike, its effect on the coal will be slight. 

The larger intrusive masses are of much more serious importance 
than the small dikes and sills, first, because their size is of itself suffi- 
cient to reduce the coal areas considerably, and second, because each 
of them is likely to have sent off many apophyses in the form of silk 
in or along the surfaces of coal beds. The dimensions of these masses 
are, moreover, probably greater under ground than at the surface. 
There may also be many intrusive masses which do not outcrop but 
which are near enough to the surface to be encountered in mining. 

In conclusion, it must be stated that the presence of intrusive rocks 
in the coal field introduces factors that make an imdetermined per- 
centage of the coal areas of very doubtful value. The size and dis- 
tribution of these intrusive masses beneath the surface, as weU as at 
the surface in the areas of scanty outcrops, can not be determined 
without underground exploration. The effect of the smaller intrusive 
masses on the coal depends on the extent to which these masses have 
been intruded into or along the surfaces of coal beds. Where the 
intrusive mass is in contact with the coal the coal is worthless, but 
where it is a few feet away the quaUty of the coal is probably unim- 
paired, or may even be improved. 

XmCT OF FOLDnro ahd faultiho. 

The steep dips and complex structure of much of the coal areas 
introduce serious problems in coal mining and call for careful inves- 
tigation of the structural conditions of each individual tract before 
the development of mines is attempted. It is beUeved that areas 
will be found in which the difficulties of mining, due to structure, 
will not be serious. 

Both Castle Mountain and Wishbone Hill are of fairly simple 
structure, so that, if the coal beds persist beneath the conglomerate 
and if the coal-bearing rocks were not folded before the conglomerate 
was laid down, mining should not be difficult, at least so far as struc- 
tural conditions are concerned. 

It may perhaps be assumed to be probable that the structures of 
the entire valley are of the same general type as those known in the 
areas of the conglomerate. If this is the case, there are probably 
large areas in which the structure will permit the mining of the coal. 
This condition is not, however, positively known, and the character 
of the structure must be regarded as a problem to be solved by under- 
ground exploration before the feasibility of mining at a profit the coal 
of any particular tract can be demonstrated. 

Digitized by VjOOQIC 



MINERAL RESOURCES. 95 

METALS. 

Within the area covered by the detailed investigations on which 
this report is based there are no known metaUiferous deposits. Indi- 
cations of metaUiferous mineraUzation were seen only at localities 
along the great fault which marks the contact of older rocks with the 
Upper Cretaceous and Tertiary sediments of the Matanuska basin. 
At one place a thin stain of copper carbonates was seen on crushed 
and altered granite in the fault zone. At another place crushed, 
epidotized, and quartz- veined rock carries iron pyrites. Copper stains 
were observed at the contact of the limestone and the underlying 
volcanic rocks on the ridge north of Castle Mountain. Colors of 
gold are reported to have been found in the gravels of Granite Creek. 

In the environs of the region considered there are prospects to the 
east on Caribou Creek and to the north on Kings River and Moose 
Creek, and there are mines and prospects to the west in the Willow 
Creek region. 

A little placer gold is reported to have been produced on Caribou 
Creek. No details are known about the occurrence of the gold. 

Claims located on copper prospects in the basin of Kings River 
about 12 miles above the mouth have not been visited by members 
of the Survey, and no information about them is at hand. 

It is reported that sulphide mineralization has been found in the 
granite area of the upper part of Moose Creek. 

Willow Creek produced some placer gold in 1898, and gold placer 
mines on Grubstake Gulch began producing in 1900. The Grubstake 
Gulch deposits are in the area of albite-chlorite schists discussed on 
page 15. (See also PI. Ill in pocket.) These deposits have been 
described in earUer pubUcations of the Survey.* In the Willow 
Creek region gold-quartz prospects are being developed. These are 
in quartz veins which traverse quartz diorite. Several veins of 
promising character have been located in the divides between the 
headwaters of Willow Creek and tributaries of Little Susitna River. 
They have been described by Katz * in a recent publication of the 
Survey. 

The crystalline rocks in which the above-noted prospects and 
mines occur occupy most of the mountain province north of Mata- 
nuska River and west of Chickaloon River. 

Nothing has been learned concerning the copper prospects noted 
by Paige and Kiiopf* in the Knik River and Kashwitna River 
regions. 

> Paige, Sidney, and Knopf, Adolpli, Geologto reconnaissance in Uie Matanuska and Talkeetna basiM, 
Alaska: BolL U. 8. OeoL Survey No. 327, 1907, pp. 65-«7. KaU, F. J., A reoonnaissanoe of the Willow 
Creek gold ref^n: BnU. U. S. Oeol. Sorvey No. 480, 1911, pp. 139-152. 

*Ka«s, F J. op.cit 

* Piige, Sidney and Knopf. Adolph op. cit., pp. 67-68w 
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